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STREET VACCINATION IN FRANCE. 


ARE words, in our epoch of orthographic transition, 
changing meaning ? Whoever among us (not to speak 
ill of our neighbors) says administration says routine 
(let us put it tradition in order to be polite), at all 
events, total absence of initiative, zeal and other pure- 
ly inconsiderate qualities. 

And behold the Public Assistance, an administration 
in every sense of the word, conceiving an eminently 


bold project, executing it, getting out of the beaten | 


track of doing things on paper and operating with a 
magnificent liberty of manner. It is fabulous; it 
merits especially eulogiums without number. 

It is smallpox that has accomplished this miracle. 
We unfortunately know what smallpox is; a disease 
quite benign in most cases, but one which by starts is 
transformed into an epidemic and extends its ravages 
rapidly and surely. 

hen the disease is declared there is little or no rem- 
edy. What should be principally watched is the pro- 
pagation of the scourge. The great epidemics of 1870- 
1871 and 1880-1881 awakened the attention of science 
and of the people. Every one will remember how 
large was the number of deaths that occurred during 
these epochs, equally fatal with cholera. Since then 
there has been a lull. The disease, by frightening the 
public, was provocative of vaccinations and revaccina- 
tions, which alone are capable of putting a check to 
it. Yet, since the beginning of the year, statistics have 
furnished some alarming indications in this regard. 
The Publie Assistance, to which falls in great part the 
duty of watching over the general health, has, in order 
not to allow the hospitals, once overrun, to be taken 
unawares, looked at the problem with a true time- 
liness. It possessed many different vaccination serv- 
ices in the mayoralties and schools, but there is no law 
to compel any one to go to present his arm to the doc- 
tor’s lancet. 

It has made an innovation. If a death occurs in a 
house in a populous quarter, a placard is at once 
posted informing the inhabitants and those of the 
vicinity that on the following day a doctor will come 
to the spot in order to proceed to the vaccination of 
those who may desire it, without a particle of formal- 
ity or inconvenience. 

On the day stated a wagon arrives carrying a heifer, 
which is taken out of the vehicle. The doctor installs 
himself wherever be can (upon the sidewalk, if a better 
place is wanting), and puts himself gratuitously, it is 
unnecessary to say, at the service of his improvised 
clientele, 

There is a little hesitation at first; the children are 
frightened and the mammas have the goose-flesh at 
the thought that their babies are going to suffer. 
Then the force of example produces its usual effect ; 
one, two, three, ten patients suffice to convince a hun- 
dred ; hovsewives soon no longer blush to roll up their 
sleeve and bare their shoulder; and the sobs of the 
babies are arrested by a good word from the doctor. It 
isa charming and extremely picturesque spectacle. 

The practical result is important. Thousands of 
vaccinations are thus effected that would not other- 
wise have been. An extremely dangerous disease 
when it assumes certain proportions will in this way 
doubtless be checked. 
ourselves and thank the Public Assistance for it. 
could not act with more decision and promptness and 
better understand and accomplish his 
tration. 


THE NURSERIES OF CHOLERA—HURDWAR 
AND MECCA, 
By ERNEST HART. 


AMONG the habits and customs of the natives of 
India, few are more replete with interest and none 
more full of the picturesque than the great fairs and 
pilgrimages which take plaee at stated periods, at- 
tracting people from all parts of the country to one or 
another spot on the sacred Gan From its source 
down to the sea every foot of Motber Ganges’ course 
is holy ground ; to bathe in her waters will wash away 
sin, to die and be buried on her banks secures free en- 
try to eternal bliss. We need not wonder, then, at the 
multitude of Hindoos who come every year to partake 
of such blessings. Gangotri, Hurdwar, Allahabad 
and the Sagar Island are the most sacred spots, and 
are annually frequented by thousands of pilgrims. 
Nor are these merely local worshipers, drawn only 
from the great watershed which the Ganges drains. 
Wherever the Hindoo faith extends, there the legend 
of the Ganges is believed, and so from every village 
in India come pilgrims to the holy stream, bringing 
with them germs of such diseases as may then happen 
to be epidemic in their midst, or taking back with them 
to their villages such infection as they may pick up at 
the holy place. The fair is not only an exchange for 
merchandise, it becomes a veritabie clearing house 
for contagion, to which each brings what he has and 
takes away what he can carry. These fairs have al- 
ways been a source of danger. The Hindoo population 
has for its unit the village. Each village leads a com- 
paratively isolated existence, but at the fairs represent- 
atives from the various villages mix freely, and a 
great dissemination of infection takes place. 


PILGRIMS CARRYING CONTAGION, 


An account is given by Dr. Simpson, in a report on 
* Pilgrims and Cholera,” of the effect of a large fair or 
festival held in February, 1891, near Calcutta, in 
scattering the infection of cholera over the la dis- 
trict from which the pilgrims were drawn. ‘“ The evi- 
dence is such as to show that to the pilgrims them- 
selves it has been a most disastrous affair; that in 
many Villages the residents who did not attend the 
bathing festival have suffered on account of the re- 
turn of the pilgrims; and that in three districts at 
least a widespread epidemic has been set up.” A good 
example of the way in which pilgrims carry cholera 
along their track is given by Brigade-Surgeon Coates. 
The chief commissioner of the Central Provinces 
turned the Bombay pilgrims, who were on their way 
to Pooree, off one route on to an entirely new one, pre- 
venting them from passing through Rajpore and Sum- 
bulpore, because they had always brought cholera 
with them. The pilgrims were obliged to pass through 
the Khond country, a part which had always been 
pointed out as one in which no cholera had ever oc- 


It is necessary to congratulate | 


One | 


eurred. Different theories had been framed regardin 
the soil and climate in explanation of this absence o 
cholera, but with the advent of the pilgrims all these 
| theories fell to the ground, for cholera broke out and 
| decimated the villages, causing an untold mortality. 
In Madras it has been officially recorded that the in- 
tensity of cholera and the prolongation of its epidemic 
visitations are largely due to the people going to the 
divers places where festivals are held, and to their un- 
natural mode of living during such seasons. It ap- 

ars to me that this is a matter in which both reason 
|and history point to the same conclusion, namely, that 
| these great gatherings of people from all parts are a 
frequent and recurring source of danger to the coun- 
| tries from which the pilgrims come, and to which they 
|earry back such infection as they meet with. 


THE GREAT FAIR OF HURDWAR. 


The town of Hurdwar is not within the endemic area 
of cholera, but the water of the Ganges at that spot, 
just as it escapes cool and clear from its upland home, 
has a peculiar fascination for the dwellers in the hot 
|and vaporous plains, so that the Hurdwar fair is al- 
ways largely attended by the pilgrims from the area 
where cholera is always endemic. It has thus fre- 
| quently happened that this great concourse has been 
followed by a wide diffusion of the disease outside its 
|bounds. Besides the annual fair (occurring when the 
|}sum enters the constellation of Aries) a Kumbh, or 
| @freat fair, occurs when the net Jupiter enters the 
|@bnstellation of Aquarius While the sun is in Aries. 
| This only happens opce in twelve years, and the oc- 
| ¢asion is looked upon by Hindoos as one of peculiar 
|sanctity. Hence very large numbers then avail them- 
| selves of the opportunity of bathing in the holy pool. 
| In 1891, when the last Kumbh fair was held. 800,000 
to 1,000,000 pilgrims assembled in Hurdwar, a town 
which, together with the villages of Kankhal and 
|Jawalapur, only has 29,000 inhabitants. To un- 
|derstand what this means, to appreciate at all the 
danger of the spread of cholera arising froin so vast a 
gathering, we must bear in mind the habits of the in- 
dividuals of whom it is composed, and who, entire 
strangers to each other, carry to their temporary 
| meeting place the habits of the villages from which 
| they come. 


DRINKING FOUL WATER. 


The Hindoos are a people with cleanly instincts, but 
are forced by circumstances’ into dirty habits. If pos- 
sible, it is customary for them to bathe every day and 
for the women to do so oftener. And yet during 
| several months there is W@rainfall. and they have to 
| trust entirely, both for drinking and bathing, to water 
| which has been stored in tanks. Horrible as it may 

appear, it is the ordinary custom of the natives te use 
| for all culinary purposes the water of the public tanks 

in which the LP sap bathe and wash their clothes, 
and around which is accumulated every sort of un- 
|namable filch. This habit of drinking foul water is at 
| the root of the constant presence of cholera in India. 
| The natives continually suffer. The Europeans, how- 
| ever, have no “funk” about cholera. They carry with 
| them certain habits of cleanliness, and, being strongly 
|impressed with the necessity of avoiding polluted 
water, they escape. The comparative and in some 
cases almost total immunity from the disease enjoyed 
nowadays by troops, prisoners, and certain townships 
is a matter of demonstration; and yet when security 
begets carelessness the charm is broken, and the 
hitherto protected communities suffer like the rest. 
In 1890 the troops at Ranikhet, a hill station, were at- 
tacked by cholera, and the characteristic of the out- 
break was the large proportionate fatality among the 
officers of the garrison. The epidemic was in all pro- 
bability connected with the use for potable purposes 
of the water of an open trough near the dak bunga- 
low, where two servants had died. The water of the 
| trough had been used as occasion served for potable 
| purposes in the married men’s barracks, where cases 
| occurred, and for special purposes in an aerated water 


| factory from which the officers obtained their supply. | 


Europeans escape so long as they drink clean water : 
| natives also escape when they get into a well managed 
gaol where clean water is compulsory ; but at these 
| fairs and festivals the very aim and object of their pil 
| grimage is to bathe in the sacred river and drink of 
|its holy waters. Is it then to be wondered at that 
| they suffer? Amid so great a crowd, largely drawn 
| from the “endemic area,” some one or other is sure to 
|have the cholera and to foul the stream, giving to 
| those who drink the fetid water in hope of sanctity an 


| infection which quickly brings about their death. The | 


| pilgrims, however, are not the only sufferers. Soon 
| after the festival is over they are scattered to the four 
winds of heaven, carrying with them the infection. 
Some drag their weary bodies homeward till they 
drop by the wayside and die, others by boat or train 
are carried to distant parts where, if they do not die 
en route, they set up fresh foci of disease from which 
infection spreads among their neighbors. 


“A RECORD OF DISKASE AND DEATH.” 


The danger attaching to these vast gatherings at 
Hurdwar, and especially to the great Kumbh fair, is 
very real. Regarding them a sanitary commissioner 
says that previously to 1867 ‘“‘very little remains on 
reeord, but that little is a record of disease and death.” 
In 1867, and again in 1879, the festival was followed by 
an outbreak of epidemic cholera, which on the latter 
occasion rapidly extended to the western districts, and 
in its extreme virulence carried off large numbers of 
the hill people. Cholera does not become permanently 
established outside its own endemic area, but it may 
be carried anywhere, and wherever the habits of the 
people allow it to take root, it will, fora time, ravage 
and destroy. 

AN OFFICIAL WARNING. 


After two such disastrous experiences the Indian 
authorities felt a great and natural anxiety as to what 
would happen when the time came round again in 
1891. Nor was this lessened by seeing that the same 
conditions which had before been followed by great 
epidemics were repeating themselves. It had been 
noted that the appearance of cholera in the spring 
was always heralded by the occurrence of individual 
eases of true cholera in the same neighborhood at the 
commencement of the cold season preceding. This 
had been the case in 1866, before the Kumbh of 1867; 


it was also the case in the cold weather of 1878, ang 
in the autumn of 1890 cholera was again showj 
its face. A sharp outbreak took place near Hurd. 
war, at a place near to where it had appeared in 1878, 
and in Hurdwar itself there had been a good deal of it 
during the hot weather. All through the winter 1399- 
91 there was much cholera in the Northwestern Pro- 
vinces, and it was especially severe in the Kumaun 
Hills and along the pilgrim routes below the hills. So 
grave, in fact, was the outlook that the question of 
prohibiting the fair, even though a display of force 
would have been necessary for the purpose, was 
seriously discussed. Strong opinions were held on the 
subject, and a communication from the Saharanpur 
eivil surgeon expressed those of many men, officials 
and others of much experience, when he said that 
“the most complete sanitary arrangement will be 
powerless a the spread of cholera should the 
contempla fair at Hurdwar be permitted to take 
place.” 
MECCA AND ITS MARTYRS. 


We must now turn our attention to another great 
religious festival—a different religion, a different peo- 
yle, a concourse drawn together from a far wider area, 
but one which, like the Hurdwar fair of old, has be- 
come a focus and a diffusion point of cholera, a cause 
of death and disaster to the pilgrims and of danger to 
the world. 

A PERILOUS PILGRIMAGE. 


Shut up in our insularity, and taught to believe that 
Christianity and the civilization with which it has of 
late centuries been associated are the great motive 
forces of the world, we are too apt to forget the power 
of that other religion which for so many centuries was 
the great competitor with Christianity. The wars be- 
tween the Crescent and the Cross ag eee the middle 
ages, and the standard of Islam still blocks the way 
against the Christian country which possesses the 
largest army in the world. Mohammedanism is not 
dead, and Islam still remains the faith of two hundred 
millions, or 14 per cent. of the human race—a faith 
which is absolute and obedient, and which leads intel- 
ligent men—men of position and whose lives are cast 
in pleasant places—to suffer pains and discomforts 
which to an ordinary dilettante Christian would be 
absolutely intolerable, rather than break the com- 
mandments. Among the ordinances, which to the 
faithful are commands, is that of pilgrimage to Mecca. 
From Turkey, from a belt of country extending east- 
ward across Asia to the farthest confines of Malay, and 
from the whole of Africa pilgrims set out every year, 
turning their steps toward Mecca in obedience to this 
command. Some fall sick by the way, many die; 
from about 60,000 to over 100,000 each _— attain their 
end, months and sometimes years having been de- 
voted to the task, and sufferings and hardships under- 
gone which it would be difficult to describe. This in- 
tensity of faith must be remembered, if we are to real- 
ize the frame of mind of those educated men who, to 
our undisguised surprise, are found willing to submit, 
not only to the perilous and weary journey, but to the 
dirt, the danger, the extortion and the rascality of the 
final act—their residence in the holy city. To many of 
them this is but a flea-bite after what they have gone 
through, and with Paradise in sight, they will not 
draw back after suffering so much, even if te advance 
mean martyrdom. Moreover, it is but for once, and 
when the Hajji has returned to his native country, his 
personal interest in reform is slight. The Meccans, 
therefore, hold the key to the position and do much 
as they please, allowing their city to become a pest- 
house, a center where: infection can intensify, and 
whence it can be spread by returning pilgrims over 
the whole world. 


‘““WHERE ONLY MAN IS VILE.” 


Mecea, the birthplace of Mohammed, stands in a 
aarrow valley sixty-five miles from Jiddah, its port, on 
the Red Sea. The country close around is barren, and 
for provisions the inhabitants have to depend on im- 

rtation from a distance. It has, however, a plenti- 

lsupply of water. From the times of earliest his- 
tory it has been a trading center, and <p before the 
time of Mohammed was esteemed a holy place, possess- 
}ing sacred objects which repaid a pilgrimage. Al- 
} though the modern pilgrimages, then, with which we 
have now to do are performed in obedience to the com- 
mands of Mohammed, it may be doubted whether the 
eustoms of the place and the details of the observances 
are not, in many cases, survivals of practices which 
/ -were current long before the origin of Islam. The city 
itself is mostly modern, having been frequently devas- 
tated by winter torrents from the hills around; the 
streets are for an eastern city broad and airy, but un- 
paved and filthy. Drainage does not exist, water there 
is in plenty. e population is about 60,000, and is 
mainly supported by the proceeds of the annual pil- 
grimage and by the manufacture of sacred relics. Com- 
pared with the problem of dealing with an Indian fair, 
the purification of Mecca would seem by no means an 
insuperable difficulty. Clean dry rocks, pure water 
and a blazing desiccating sun are the materials on 
which we have to work. Man, and man only, is_ the 
difficulty. No infection need defile the water, which 
! constantly flows through the underground conduit 
: from the mountainous district beyond Arafa ; no local 
diseases need reappear in the food, which all comes 
| from afar; no difficulty need be found in dealing with 
filth. which, buried in the sand, quickly dries up into 
harmless powder and might be made by degrees to 
fertilize the arid soil. The inhabitants, however, choose 
to live crowded together and to surround their houses 
with refuse and filth; they choose to foul the water 
supply, and from immemorial usage they regard the 
vjilgrims as victims to be fleeced rather than as core 
igionists to be protected. The result is that, while 
Mecca may be well enough suited for the Meccans 
ordinary times, it is not in any way prepared for the 
strain which comes upon it during the annual pilgri- 
age, and if a disease such as cholera be then intro 
duced, it straightway spreads like wildfire. If, how 
ever, we inquire how it spreads, by what means the 
infection is distributed, we find that here, as in India, 
and everywhere else, the main factor, the constant 
cause, is the drinking of cholera-polluted water. 


AT HAGAR’S WELL. 
The proceedings of the pilgrims themselves, the rit- 
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“ Each pilgrim in tarn, stripped to the waist, stands beside the well while a bucket of the water is poured over him; of this he eagerly drinks as 
it fows from the bucket, the rest fi over his naked body, soaking through his loin cloth, and streaming back into the well, to be used 
again. His place is immediately taken by another and another, and so on, each drinking the washings of the rest.” 


PILGRIMS AT THE ZEMZEM, THE REPUTED “HAGAR’S WELL,” AT MECCA, 


ual gone through by them during their stay, none of) cy, the rush to Minah, the sacrifices, the fearful stench 
which they like to miss, little as their meaning may from the thousands of slaughtered animals, the tawaf, 
be understood, also tend to the spread of the disease, or sevenfold circuit of the sanctuary, each of the many 
if once it be implanted among them. The march to | thousand pilgrims kissing the black stone as he passes, 
Arafat, the night spent there in devotion or in the|the blazing heat, the intolerable thirst, the religious 
crowded coffee booths, the ** stand” by the Hill of Mer-' fervor which leads them to accept everything as holy 


— 


The Side of the Kaaba facing Yeisen Zemzem Gate 


VIEW OF MECCA, WITH THE CLOISTERS OF THE GREAT MOSQUE AND THE KAABA, 


which belongs to Mecca—all drive the unfortunate pil 
grims to the consumption of the vilest fluids under 
the name of water. e ground is defiled ; there is no 
attempt at conservancy; the wells are poisoned by 
filth, and if that happens to be choleraic, cholera 
breaks out. One of the observances is especially dan- 
gerous. Next to the Ka’ba the principal point of in- 
terest in the Mosque is the well Zemzem, a deep shaft 
said to be the source from which Hagar drew water for 
her son Ishmael. The pilgrims are many; the well, 
however, is but one, and its water not plentiful at the 
best. Yet every one wishes to drink and to bathe in 
these miraculous waters. Each pilgrim in turn, stripped 
to the waist, stands beside the well while a bucket of 
the water is poured over him ; of this he eagerly drinks 
as it flows from the bucket, the rest flowing over his 
naked body, soaking through his loin cloth and stream- 
ing back into the well, to be used again. His place is 
immediately taken by another and another, and so 
on, each drinking the washings of the rest. Can we 
wonder, then, that this water, on analysis, is found to 
have the characteristics of bad specimens of sewage, 
or that after the pilgrimage is over the roadside shoukl 
be found strewn for a dozen miles with the dead 
bodies of the faithful killed by a draught of dirty wa- 
ter, after all the difficulties and dangers they have 
overcome? There is a pathos about it which would 
appeal almost to one’s sense of humor were it not so 
serious an affair. 


A GHASTLY SPECTACLE. 


This is an actual business of to-day. Iam not - 
ing now of things which happened years ago. rom 
June 8 to June 25 this year there were 2,201 deaths at 
Mecea ; and in one day (June 26) there were 499 at Mi- 
nah and 500 at Mecca, making in one ae 999 deaths. 
From June 26 to July % there were 499 deaths at Mi- 
nah, 3,408 at Mecca and 308 at Jiddah. Ihave an ac- 
count of the state of Mecca, written by Dr. Chaffey, 
an Egyptian Moslem, sent by the Quarantine Board 
as their sanitary correspondent to Mecca, which reveals 
a ghastly state of things happening, one may say, al- 
most at the door of Europe, taking account of these 
days of rapid steani communication. Dr. Chaffey 
says: 

“On arrival at Mecca I commenced at once an in- 
spection of the town. The nuageel, private houses 
and tents were full of people suffering from cholera. 
I sent you by telegraph the number of deaths declared 
officially, but on aceount of the extraordinary mortal- 
ity it must be admitted that the number of deaths 
could not be precisely known, and it may certainly be 
considered Soho double that officially declared, even 
more. At ‘Moona’ it was impossible to bury all the 
dead, who lay here and there in heaps. Round about 
the Syrian caravan (mahinal) there was a large num- 
| ber of bodies lying unburied. Returning from Moona 
to Mecca I found the route strewn with dead. In the 
town of Mecca itself dead bodies were lying about in 
a state of putrefaction, and when they were at last 
transported to the cemetery they were thrown down 
there and left lying for days unburied from want of a 
sufficient number of grave diggers.” 


A DANGER TO THE WORLD. 


The whole affair is horrible. The place is a slaugh- 
ter house, where the best men of the Mohammedan 
world are being every year destroyed. For it must be 
| borne in mind that the injunction to visit Mecca is not 
imposed on every one, but on those only who are able 
| to devote the time and able to provide for their fami- 

lies while — We make a great mistake if we class 
| the Mecean pilgrims with the poor, the miserabie and 

the helpless; the cream of the faithful go to Mecea, 
|and as years go by and the knowledge spreads that 
‘cholera is a preventable disease, a mere filth disease, 
|spread by dirty customs and dirty water, Mohamme- 
|dans are awaking to the fact that their best men are 
| being gratuitously sacrificed, and from sheer ignorance 
;and stupidity exposed to a danger never contemplated 
| when the duty of pilgrimage was imposed upon them. 
| But no nation, no part of the world, can isolate itself 
| or afford to stand aloof from the rest. This is not a 
| mere Mohammedan question ; what is a danger to the 
gp is a danger also to the world; for it is through 
| Mecea and its pilgrims that cholera spreads to Egypt, 
and thus to all the ports of Europe. 


BRINDLEY, THE FAMOUS ENGINEER. 


JAMES BRINDLEY was born at Tunsted, Derbyshire, 
in 1716 and died in the year 1772. At the age of 17 he 
became apprenticed to a millwright, and at the ex- 
piration of indentures he commenced business on his 
own account as an engineer. etc. In the year 1755 he 
displayed great talent in contriving a water engine for 
draining coal mines, a silk mill which he constructed 
on a new plan, an improved steam engine which he 
erected in the year 1756, and other great works, intro- 
duced to the patronage of the Duke of Bridgewater, 
then oceupied in planning a communication between 
his estate at Worsley and the towns of Manchester 
and Live ol by water. This immense work, which 
was ridiculed by high scientific men of the period, 
. Brindley, however, undertook, and by means of aque- 
| duets over valleys, rivers, etc., completed_it bet ween 
| 1758-61, so as to form a junction with the River 
| Mersey. 
| This success led him to other t works, such as 
the Grand Trunk Canal, uniting the Mersey with the 
Trent, but dying before it was completed (1777), it was 
finished under the supervision of his brother-in-law, 
Mr. Henshaw. Among other great works, he prepared 
a scheme for cleaning the Liverpool docks of mud, 
which was especially successful. ‘ 

The variety of his invention and the fertility of his 
resources were only equal to the simplicity of the 
manner with which he carried his expedients into 
effect. He seldom used any model or drawing, but 
when any material difficulty intervened, he generally 
retired to bed and there meditated on the best mode of 
overcoming it; on such occasions he has been known 
to seclude himself for days. So partial was he to 
artificial inland navigation, that to a question humor- 
ously put to him in an examination before the House 
of Commons, For what purpose did he consider rivers 
to have been created? he is said to have replied at 


once “To feed navigable canals,” 
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THE ETAINGS FORGE AND ROLLING MILL, 


NEAR RIVE-DE-GIER, FRANCE. 


Tuk Etaings Works are by far the most extensive 
of the three establishments of the Messrs. Mar- 
rel, the other two being those of Rive-de-Gier and 
Capelette. Founded in 1867, for the manufacture of 
iron plate, special iron work, and especially of armor 


Fie. 1.—THE ONE HUNDRED TON POWER HAMMER OF THE ETAINGS WORKS. 


late, the Etaings Works were established in anticipa-!The puddling room, the shop for tempering large 


ion of the great developments that were to succeed 


| 
one another year by year. The works were set in oper- | 


ation October 1, 1868, 


The property upon which the works stand com-| the great steel and iron foundry and a part of the 
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laced side by side, and covering a surface of 555 feet 
in length by 230 feet in width. 

The central, of 85 feet span, is flanked by two 
others of 59 feet span, and by a marquee 26 feet in 
width. In this hall are installe’- The rolling mills, 
the tempering shop, the forge, the shop for manu- 
facturing large steel shells, and the lathe shop. 

A hall 295 feet in length by 98 in width contains: 


OY 


KXXAXS. It: 


hoops and steel armor plate, and the crucible steel 
foundry. 
A hall 328 feet in length by 147 in width contains 


used for the manufacture of gas, for offices, store 
houses, carpenter shops, modeling shops, stables, car- 
riage houses, ete. 

he various parts of the establishment have long 
been lighted with electricity through fifty large arc 
lamps and numerous incandescent ones. 

In order to give an idea of the power of the ma- 
chines that this establishment has at its commani, 
we shall describe especially the forge, with its two 
great steam hammers, one of 50 and the other of 100 
tons, and the great universal rolling mill, which is 
eapable of working the largest sized armor plates 
that can be made. We shall likewise describe the 
os in which the parts of guns are finished. 

eFifty Ton Power Hammer.—In 1885 the construe- 
tion was begun of a group of halls affording space for 
the largest forging tools that the incessant progress of 
this branch of metallurgy demands. At the same time 
there was set up a 50-ton power hammer in conjunc- 
tion with two 90-ton swan’s neck cranes. The dimen- 
sions and weight of this hammer are as follows : 


Feet, 

Diameter of cylinder....... ...-......... 4°85 

Diameter. Inches. 
Exhaust pipe............. 10 

Weight. Pounds, 


Cylinder, steam chest and accessories.. 110,000 


The 50-ton hammer soon became inadequate, and, 
in order to be able to give full satisfaction to the ever- 
increasing needs of the marine and artillery, the 
Messrs. Marrel resumed their former studies of a 100- 
ton hammer. 

The Hundred Ton Power Hammer.—The foundations 
of this apparatus and of the swan’s neck cranes that 
were to serve it had been laid for several years when 
the construction of it was decided upon in 1889. With 
the exception of the steam cylinder and the upper 
part of the standards, all the pieces of the hammer 
were constructed at Etaings. 

The mounting of the hammer was finished in De- 
cember, 1891, and it was set in operation early in 
1892. Fig. 1 gives an external view of the hammer. 
The anvil block, the total weight of which is 1,672,000 
pounds, is arranged in a trench formed between the 
courses of the standards. It is placed upon a solid 
mass of oak resting upon courses of stone supported 
by the solid rock. 

It consists of four courses: The lower course in 
three pieces of 90 tons each and the two intermediate 
ones in two pieces of 90 tons each. As for the upper 
course, which directly receives the anvil or the swage, 
that isina single piece, which weighs no less than 
125 tons. In adding to the weight of the blocks that 
of the hoops that unite the courses and the blocks, 
we reach the weight of 760 tons. 

The two standards are in two pieces. They are car- 
ried by iron shoes solidly anchored in the masonry 
and crossbraced by strong pieces of cast iron, so 
that the whole is of absolute rigidity. They are 35 
feet in height. They are crossbraced at the center by 
strong joint cover plates, and connected at the top by 
an iron entablement upon which is placed the steam 
chest that the cylinder surmounts. The steam cylin- 
der is 644 feet in diameter. The maximum stroke of 
the piston is 18°8 feet. 

The distribution of the steam is effected through a 
cylindrical valve, and the exhaust through two pipes 
14 inches in diameter. 

The following are the dimensions and weight of the 
hammer, which is notably more powerful than those 
of Creusot and Saint-Chamond. 


prises, for a length of 1,968 feet, all the trapezoidal ) armor slate finishing department. Dimensions. 
space situated between the Givors Canal and the} Another large hall contains the department in Feet. 
aint Etienne and Lyons Railway. The total super-| which the parts of guns, hoops and projectiles are Diameter of the cylinder....... .......... 65 
ficies is about twenty-four acres, a quarter of which | turned and finished. Still another contains the de- ee ee 18 
is covered with buildings. The water for all the re- | partment of repairs. a 
quirements of the works is obtained from the river | A monumental chimney, 355 feet in height, receives Diameter of the rod.... ...-.. .ccccecccce 14:8 
tier. the smoke from most of the furnaces of the establish- Feet 
The main building is formed of a group of halls ment. Finally, there are numerous annex structures Height of the anvil block............. .- 15°4 
Height of the standards............ cade 
UES Distance apart of the slides.............. 75 
75 
Inches. 
Diameter of steam pipe .................. 14 
Diameter of distributing cylinder......... 26 
Diameter of the two exhaust pipes.... ... 14 
Pounds. 
Minimum pressure of steam...... 77 
Feet. 
Height of structure above the floor.. ... 615 
Weight. 
Tons 
Shoes of the standards........... ....+06- 110 
Crossbraces Of shoes. 30 
Crossbraces of the standards........ ...... 16 
key... 
ammer rod .. ..... 
Striking mass } Piston............... 6 100 
Medium anvil........ 9 
Bolts and hoops... ...-0.. 00 15 
Various movements, balcony, ete......---- 10 


This hammer, installed in a hall of 85 feet span, !s 
served by two swan’s neck cranes, one of which pos- 
sesses a power of 180 tons, and constitutes the most 
powerful lifting apparatus constructed up to the pres- 
ent day. On the opposite side the service of the ham- 
mer is assured by a steam rolling bridge of 120 tons 
that moves upon a line of girders spaced 50 feet apart 
and carried by strong metallic supports. This bridge 
is shown Fig. 1. The following are the data in regard 
to the power, ete., of the crane and rolling bridge : 


Fie, 2.—GUN FINISHING DEPARTMENT OF THE ETAINGS WORKS, 
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Tons. 
180 
Feet. 
Minimum range.............. 23 
Height above the floor......... ......... 32 
Depth beneath the floor... ....  ..... 28 
Inches, 
Diameter of thesteam cylinder .. ...... 12°75 
Scroke of the piston ............ 14 
Strokes. 
Number of strokes per minute ......... 200 


Inches. 
Velocity of ascension per minute.......... 18 
Revolution. 
Velocity of revolution per minute......... 1 
Rolling Bridge. 
Tons. 
Feet. 
Inches, 
Diameter of the cylinders..... ... .... .. 12 
Stroke of the pistons...... 12 
Feet. 
Tons. 
Total weight of the bridge ........... .. 115 


Department for Finishing the Parts of Guns.—At 
the same time that they installed the 100 ton power 
hammer, the Messrs. Marrel were completing the con- 
struction of a new shop for the finishing of guns and 

rojectiles. This shop (Fig. 2) consists of a hall 377 
feet in length by 108 in width. 

The central span of 59 feet receives the large lathes 
and the boring and reaming machines especially de- 
signed for the working of large pieces. It is traversed 


1?) 


MECHANICAL SCIENCE.* 


By JEREMIAH HEAD, M. Inst. C.E., Past Pres. Inst. 
Mech. E., F.C.S8. 


Tus section of the British Association for the Ad- 
vancement of Science was founded with the object of 
making more widely known, and more generally appre- 
ciated, all well-ascertained facts and well-established 
principles having special reference to mechanical sci- 
ence. 

As president of the section for the year, it becomes 
my duty to inaugurate the proceedings by addressing 
you upon some portion of the scientific domain to 
which I have referred, and in which your presence 
here indicates that you are all more or less interested. 


MECHANICAL SCIENCE. 


The founders of the British Association no doubt re- 
arded the field of operations which they awarded to 
tion G as a not less purely scientific one than those 
which they allotted to the other sections. And indeed, 
mechanical science studied, say, by Watt was as free 
from suspicion of commercial bias as chemical science 
studied, say, by Faraday. 

But whatever may have been the original idea, the 
practice of the section has recently been to expend 
most of its available time in the consideration of more 
or less beneficial applications of mechanical science, 
rather than of the first principles thereof. Our section 
has become more and more one of applied rather than 
of pure science. None of the other sections is free 
from this fault, if fault it be (which I do not contend 
or admit), but Section G seems to me to be beyond all 
question, and beyond all others, the section of applied 
science. 

The charter of the Institution of Civil Engineers 
commences by reciting that the object of that society 
is ‘the general advancement of mechanical science, 
and more particularly for promoting the acquisition of 
that species of knowledge which constitutes the pro- 
fession of a civil engineer, being the art of directing 


Fie. 3—THE GREAT ROLLING MILL OF THE ETAINGS WORKS. 


by a track connected with the general system of the 
shops, and is provided with an electric rolling bridge of 
40tons. The lateral spans, of 19 feet each, are reserved 
for tools of medium power, designed for the — of 
tubes and hoops of smaller dimensions, as well as 
projectiles. 

A 200 horse power steam engine develops the power 
necessary for actuating the powerful machine tools 
contained in the new shop, as well as for the light- 
ing and the electric transmission of the rolling bridge. 

New Rolling Miil for Armor Plate.—Parallel with 
the new exigencies of the manufacture of guns and pro- 
jectiles, it became necessary to confront the ever-in- 
creasing ones of the manufacture of armor plate. 

The work imposed upon the large rolling mill in- 
stalled at Etaings since 1867 had long exceeded all 
that it was possible to anticipate at the time of its 
construction, and it became necessary to replace it 
by another one still more werful, capable of 
rolling steel with as much facility asthe other one 
worked iron. 

The transformation was effected in a year, and since 
the month of February last the Etaings works have 
been anew in possession of the most powerful armor 
plate rolling mill extant. 

The following are the dimensions and weight of this 
apparatus : 


Feet. 
Diameter of the horizontal cylinders. ... 3°28 
Length of table of horizontal cylinders.. 10°8 
Inches. 
Diameter of the vertical cylinders... ... 20 


Feet. 
Length of table of the vertical cylinders. 3°75 
Maximum length taken between the ver- 


Height of horizontal cylinders........... 4°25 
Pounds. 
Weight of naked cage... .............. 94,600 
Weight of each horizontal cylinder. .... 66,000 


Fig. 3 gives an external view 


of this great rolling 


mill.— Abstract from Le Genie Civil. 


the great sources of power in nature for the use and 
convenience of man.” 

It seems that in 1828, when the institution was incor- 
porated, the term ‘‘mechanieal science” had a wider 
meaning than it is now usually understood to have. 
For, according to the charter, the art of directing the 
great sources of power in nature is only a particular 
species of knowledge which ‘* mechanical science” in- 
cludes. 

In 1836, or eight years later, the founders of our 
section adopted the term without again defining it. 
Probably they accepted the careful definition of the 
Great George Street institution. Time has shown the 
wisdom of that decision. For we civil engineers and 
other frequenters of Section G in active practice need 
far more knowledge than mechanical science can teach 
us in the ordinary or narrow sense of the term. Our 
art in its multifarious branches requires, if success is 
to be attained, the acquisition and application of 
almost all the other sciences which belong to the fields 
of research relegated to the other sections. For how 
could the gigantic engineering structures of modern 
times be designed without recourse to mathematics, 
or steam and other motors without a knowledge of 
physics, or modern metallurgical operations be con- 
ducted without chemistry, or mining without geology, 
or communications by rail, ship, and wire be estab- 
lished and carried on with all parts of the world with- 
out attention to geography, or extensive manufacturing 
enterprises be developed if the laws of economics were 
neglected ? 

As to biological studies, they seem at first sight to 
have but little to do with mechanical science. It 
might even be thought that the civil engineer could 
afford altogether to neglect this part of the work of 
the Association. But I trust I shall be able to show 
you before I finish that any such view is absolutely 
untenable. 

MECHANISMS IN NATURE. 


Indeed, I hope, in the course of this address, to sat- 
isfy you that mechanical science is largely indebted to 
mechanisms as they exist in nature, if not for its 


ae eS G, British Association, Nottingham, 


origin, at all events for much of its progress hitherto, 
and that nature must still be our guide. 

Mechanical science has been built up entirely upon 
observation and experiment, and the natural laws 
which have been induced therefrom by man. The 
lower animals in their wild condition work with tools 
or appliances external to their bodies to but a very 
slight extent, and a man in a primitive or savage state 
does the same. But many if not most animals can be 
taught to use mechanisms if carefully trained from in- 
fancy. Thus, the well-known donkey at Carisbrooke 
Castle draws water from a deep well by a treadmill 
arrangement just as well as a man te * doit. He 
watches the rope on the barrel till the full pail rises 
above the parapet of the well, then slacks back a little 
to allow it to be rested thereon, and only then leaves 
the drum and retreats to his stable. But, according to 
his attendant, four years were needed for his educa- 
tion, and unless it had been commenced early it would 
have been useless. 

I have seen a canary gradually lift from a little well 
situated a foot below its perch a thimble full of water 
by pulling up with its beak, bit by bit, a little chain 
attached to it, and securing each length lifted with its 
foot till it could take another pull. hen the thimble 
reached its perch level the bird took a drink, and then 
let it fall back into the well. Numerous other ex- 
amples will doubtless oecur to you. 

But though animals can be taught to make use of 
mechanical appliances provided for them—-a fact which 
shows the existence in their brains of a faculty corre- 
sponding in kind, if not in degree, to the mechanical 
faculty in man—they rarely, on their own initiative, 
make use of anything external to their bodies as tools ; 
and still more rarely, if ever, do they make, alter, or 
adapt such mechanicalaids. Mr. C. Wood, of Middles- 
brough, informs me that certain crows which frequent 
oyster beds on the coast of India wait until the reced- 
ing tide uncovers the oysters, which still remain open 
foratime. A crow will then put a pebble inside one, 
and, having thus gagged it and secured its own safe- 
ty, will proceed to pick it out and eat it at leisure. A 
monkey will crack a nut between two stones, and will 
hurl missiles at his enemies. But in some countries he 
is systematically entrapped by tying to a tree a hollow 

urd containing rice, and having a hole large enough 

or his hand, but too small for his clenched tat to pass 
through. Heclimbs the tree and grasps the rice, and 
remains there till taken, being too greedy, and not hav- 
ing ee sense, to let go the rice and withdraw his 
and. ; 

This is on a par with the snuff-taking imbecile de- 
scribed by Hugh Miller (‘*My Schools and School- 
masters”), whom the boys used to tease by giving him a 
little snuff at the bottom of a deep tin box. The imbe- 
cile would try to get at it for hours without the idea 
ever occurring to him that he mi,4it achieve his object 
by turning the box upside down. . 

Allanimals are, however, in their bodily frames and in 
the intricate processes and functions which go on con- 
tinuously therein, mechanisms of so elaborate a kind 
that we can only look and wonder and strive to imi- 
tate them a little here and there. The mechanism of 
their own bodily frames is that with which the lower 
animals have to be content, and while they are in 
the prime of life and health, and in their natural 
environment, it is generally sufficient for all their 
purposes. Man has a still more perfect or rather 
a still more versatile bodily mechanism, and one 
which in a limited environment would be equally 
sufficient for his needs. But he has also an enter- 
prising and powerful wind which impels him to 
strive after and enables him to enjoy fields of con- 
quest unknown to, and uncared for by, the relatively 
brainless lower animals. 

Urged on by these superior mental powers, man must 
soon have perceived that by the use of instruments 
he could more quickly and easily gain his ends, and 
he would not be long in discovering that certain other 
animals, such as the ox and the horse, were teachable 
and his willing slaves, provided he only fed and trained 
them, and treated them kindly. 

First, in common with other animals, he would find 
out that stones and sticks were of some use as wea- 
pons and tools; then he would go further and utilize 
skins and thongs for clothing and harness; and by se- 
lecting and modifying his stones and sticks he would 
form them into rough implements, which would en- 
able him to cut down trees and to make rude huts and 
boats. Animals caught and domesticated would first 
be taught to haul light logs along the ground, then to 
move Siesta ones on rollers; and later, in order to 
avoid the necessity for continual replacement on the 
rollers, the wheel and axle would be gradually devel- 
oped. The mechanical nomenclature of all languages 
is largely derived from the bodies of men and other 
animals. From this it is clear that animals have al- 
ways been recognized as mechanisms, or as closely 
related thereto. The names borrowed from them gen- 
erally indicate a resemblance in form rather than in 
function, though not invariably so. 

Thus in our own language we have the “ head” of a 
ship, a river, a lake, a jetty, a bolt, a nail, a screw, a 
rivet, a flight of stairs, and a column of water; the 
brow of an incline, the crown of an arch, the toe of a 
vier, the foot of a wall, the forefoot, heel, ribs, waist, 
eae skin, nose, and dead eyes of a ship; also turtle- 
backs and whalebacks; the jaws of a vise; the claws 
of a clutch; the teeth of wheels; necks, shoulders, 
eyes, nozzles, legs, ears, mouths, lips, cheeks, elbows, 
feathers, tongues, throats, and arms; caps, bonnets, 
collars, sleeves, saddles, gussets, paddles, fins, wings, 
horns, crabs, donkeys, monkeys, and dogs; flywheels, 
running nooses, crane necks, grasshopper engines, etc. 

Not only has our mecbanical nomenclature been 
] ly taken from animals, but many of our principal 
setebanlont devices have pre-existed in them. Thus. 
examples of levers of all three orders are to be found 
in the bodies of animals. The human foot con- 
tains instances of the first and second, and the 
forearm of the third order of lever. The patella, or 
kneecap, is practically a part of a pulley. There are 
several hinges and some ball and socket joints, with 
perfect lubricating arrangements. Lungs are bellows, 
and the vocal organs comprise every requisite of a perfect 
musical instrument. The heart is a combination of 
four force pumps acting harmoniously together. The 
wrist, pot and spinal vertebre form universal joints. 
The eyes may be regarded as double lens cameras, with 
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power to adjust local length, and able, by their stereo- lof action, but that, in its various developments, it can , of a fish, whose main business is swimming, offer lesg 


seopie action, to gauge size, solidity, and distance. The 
nerves form « complete telegraph system, with sepa- 
rate up and down lines and a central exchange. he 
circulation of the blood is a double line system of 
canals, in which the canal liquid and canal boats move 
together, making the complete circuit twice a minute, 
distributing supplies wherever required, and taking up | 
return loads wherever ready without stopping. It is also 
a heat distributing apparatus,carrying heat from wher- 
ever it is pom be or in excess to wherever it is de- 
ficient, and establishing a general average, just as en- 
gineers endeavor, but with less success, to do in houses | 
and publie buildings. The respiratory system may be 
looked upon as that whereby the internal ventilation of 
the bodily structure is maintained. For by it oxygen is 
separated from the air and imparted to the blood for 
conveyance and use where needed, while at the same 
time the products of combustion are extracted there- 
from and discharged into the atmosphere. 

Mastication, which is the first process in the alimen- | 
tary system, is, or rather should be, a perfect system 
of cutting up and grinding, and to assist and save ani- 
mal, and especially human, mastication is the chief 
aim and object of all the gigantie milling establish- 
ments of modern times. The later alimentary pro- | 
cesses are rather chemical than mechanical. but still | 
the successive muscular contractions, whereby the con- | 
tents of the canal are forced through their intricate 
course, are distinctly mechanical, and may have sug- | 
gested the action of various mechanisms which are 
used in the arts to operate on plastic materials, and | 
cause them to flow into new forms and directions. 

The superiority of man to the lower animals can | 
only have become conspicuous and decided when he | 
began to use his inventive faculties and to fashion 
weapons and implements of a more efficient kind | 
than the sticks and stones which they also occasionally | 
use. | 

But human races and individuals were never equally | 
endowed by nature. Some individuals would have | 
greater inventive powers than others, and these and | 
their posterity would gradually become dominant 
races. Large masses of mankind are still more or less | 
in the position of primeval man, which, if we accept | 
the conclusions of Darwin, Lubbock, and other modern | 
men of science, we must regard as one of barbarism, For | 
they are still without tools, appliances, and clothes, | 
except of the most elementary kinds, and mechanical 
science might almost be non-existent, so far as they | 


| 
are concerned.* | 


It would obviously be impossible for me to treat of | 
or call attention even to an infinitesimal extent to the | 
results of mechanical science which surround us now | 
so profusely, and which make our life so different from | 
that of primeval man; and, even if it were possible, it 
would be quite unnecessary. We have all grown up 
in a mechanical age. We are so familiarized with arti- 
ficiai aids that we have come to regard them as part of 
our natural environment, and their occasional absence 
impresses us far more than their habitual presence. 

I propose, with your leave, to apes to the consid- | 
eration of how far man is, in his natural condition, | 
and has become by aid of mechanical science, able to | 
compete successfully with other and specially endowed | 
animals, each in its own sphere of action. 


BODILY POWERS OF MAN AND OTHER ANIMALS. 


The bodily frame of man is adapted for life and move- 
ment only on or near to thesurface of the earth. With- 
out mechanical aids he can walk for several hours, at 
a speed which is ordinarily from 3 to 4 miles per hour. | 
Under exceptional circumstances he has accomplished | 
over 8 miles (‘* Whitaker’s Almanac,” 1893, p. 395) in | 
one hour, and an average of 2°¢ miles per hour for 141 
hours.¢ Inrunning he has covered about 114¢ miles in | 
an hour. In water he has proved himself capable of | 
swimming 100 vards at the rate of 3 miles per hour, and 
22 miles at rather over 1 mile per hour. He can easily 
climb the most rugged mountain path and deseend | 
tie same. He can swarm up a bare pole or a rope, and | 
when of suitable physique and trained from infancy | 
can perform those wonderful feats of strength and | 
agility which we are accustomed to expect from acro- 
bats. He has shown himself able to jump as high as 
6 ft. 2°) in. from the ground, and over a horizontal dis- | 
tance of 23 ft. 3 in., and has thrown a cricket ball as far | 
as 382‘, ft. before it struck the ground. (Chambers’ | 
Encyclopedia, ** Athletic Sports.”) 

The attitude and action of a man in throwing a 
stone or a cricket ball, where he exerts a considerable 
foree at several feet from the ground, to which the 
reaction has to be transmitted and to which he is in 
no way fastened, are unequaled in any artificial ma- 
chine. The similar but contrary action of pulling a 
rope horizontally, as in “tug of war” competitions, 
is equally remarkable. 

So also the power of the living human mechanism 
to withstand widely diverse and excessive strains is 
altogether unapproachable in artificial constructions. 
Thus, although fitted for an external atmospheric 
pressure of about 15 lb. to the square inch, he has been 
enabled, as exemplified by Messrs. Glaisher and Cox- 
well in 1862, to ascend to a height of seven miles, 
and breathe air at a pressure of only 34¢ Ib. per square 
inch, and still live. And, on the other hand, divers 
have been down into water 80 ft. deep, entailing an 
extra pressure of about 36 1b. per square inch and have 
returned safely. One has even been to a depth of 150 
ft., but the resulting pressure of 67 lb. per square inch 
cost him his life. (Pa 1 Mall Gazette, July 5, 1898, p. 8.) 

Recent fasting performances (if the published rec- 
ords are to be trusted) are not less remarkable when 
we are comparing the human body as a piece of me- 
chanism with those of artificial construction. For what 
artificial motor could continue its functions forty days 
and nights without fuel, or, if the material of which 
it was constructed were gradually consumed to main- 
tain the flow of energy, could afterward build itself up 
again to its original substance ? 

These and other performances are, when considered | 
individually and separately, often largely exceeded by 
other animals specially adapted to their own limited | 
spheres of activity. The marvel is not, therefore, that 


human bodily mechanism is capable of any one kind 


* Mr. HL. Lapage, M. Inet. C.E., who has just returned from Western 
Australia, states that he found the natives of both sexes and all ages ab- 
solutely nude | 


+ Recent pedestrian race from Berlin to Vienna, 


do all or any of them, and also carry a mind endowed 
with far wider powers than any other animal. 

Animals other than man are also adapted for life | 
and movement on or about the surface of the earth. 
This includes a certain distance below the ground, as 
in the case of earthworms; under the water, as in the 
ease of fish ; on the water, as in the case of swimming | 
birds ; and in the air, as with flying birds, 

As far as I know, no animal burrows downward into 
the earth to a greater depth than 8 ft. (** Vegetable 
Mould and Earthworms,” by Charles Darwin, p. 111), 
and then only in dry ground. Man is naturally very 
ill adapted for boring into the earth as the earthworm 
does. Indeed, without mechanical aids he would be 
helpless in excavating or in dealing with the accumu- 
lations of weter which are commonly met underground. 
But by aid of the steam engine for pumping, for air 
compressing, ventilating, hauling, rock boring, electric 
lighting and so forth, and by the utilization of explo- 
sives, he has obtained a complete mastery over the 
crust of the earth and its mineral contents, down to 
the depth where, owing to the increase of temperature, 
the conditions of existence become difficult to main- 
tain. 

I have said that on land man, unaided by mechan- 
ism, has been able to cover about 1144 miles mn one 
hour. Two miles he has been able to run at the rate 
of nearly 13 miles per hour, and 100 yards at the rate 
of over 20 miles per hour (Chambers’ Encyclopedia, 
“Athletic Sports”). But the horse, though he cannot 
walk faster than man, nor exceed him in jumping 
heights or distances, can certainly beat him akogether 
when galloping or trotting. A mile has been galloped 
in 108 seconds, equal to 35 miles per hour; and has 
been trotted in 124 seconds, equal to 29 miles per hour. 
(Chambers Encyclopedia, * Horse.”) 

There are many other animals, such as ostriches, 
greyhounds, antelopes and wolves, which run at great 
speeds, but reliable records are difficult to obtain, and 
are scarcely necessary for our present purpose. 


MECHANICAL AID WITHOUT EXTRANEOUS MOTIVE 
POWER. 


Let us now consider how man’s position as a com- 
petitor with other animals in speed is affected by his 


use of mechanical aids, but without any extraneous | 


motive power. 

Locomotion on Land.—Where there is a stretch of 
good ice, and he is able to bind skates on his feet, he 
can thereby largely augment his running speed. This 
was exemplified by the winner of the match for am- 
ateurs at Haarlem last winter, who accomplished the 
distance of 3:1 miles at the rate of about 21 miles per 
hour. 

But the most wonderful increase to the locomotive 
power of man on land is obtained by the use of the 
modern eyele. Cycling is easily performed only where 


roads, wind and weather are favorable. But similar! 


conditions must also be present to secure the best 
speed of horses, with which we have been making 


;} comparison. One mile has been cycled at the rate of 
|27'1 miles per hour (** Whitaker’s Almanac,” 1893), 50 


at 20, 100 at 16°6 (Chambers? Encyclopedia, * Cyeling”), 
388 at 12°5 (Times, September 26 to October 7, 1892) and 
900 at 12°43 (“‘Whitaker’s Almanac,” 1893) miles per 
bour. 

The recent race between German and Austrian cav- 
alry officers on the high road between Vienna and Ber- 
lin has afforded an excellent opportunity to judge of 
the speed and endurance of horses as compared with 
men over long distances. Count Starhemberg, the 
winner, performed the distance, about 388 miles, in 
71°33 hours, equal to 5°45 miles per hour. He rested 
only one hour in twelve. His horse, though success- 
ful, has since died. (Vienna-Berlin race, June, 1893.) 

Lawrence Fletcher cycled, also along the high roads, 
from Land’s End to John o’ Groat’s house, 900 miles, 
in 72-4 hours, equal to 12°43 miles per hour, or more 
than double the distance that the count rode, and at 
above double the speed. To the best of my knowledge 
he still lives, and is no worse for his effort. The horse 
in this case would have to earry extra weight equal to 
one-sixth of his own. and the cyclist equal to a quarter 
of his own. But the horse carried himself and his rider 
on his own legs. while the cyclist made his machine 
bear the weight of itself and rider. Herein was prob- 
ably the secret of his easy victory. 

With the very remarkable pee er of long-distance 
eycling, which is of limited application, man, relying 
on his own bodily strength, cannot successfully com- 
pete with other animals which, like the horse, are spe- 
cially fitted for rapid land locomotion. His only alter- 
natives are either to utilize the horse and ride or drive 
him, and so get the benefit of his superior strength 
and speed, or to use his own inventive faculty and con- 
struct appliances altogether apart from animal me- 
chanisms. In either case he virtually gives up the con- 
test as a self-moving animal, and to a great extent 
abandons himself to be carried by others or by inani- | 
mate machinery. 

Nearly seventy years ago mankind came to this con- 
clusion, and the modern railway system is the result. 
The locomotive will go at least double the speed of the 
race-horse. It will carry not only itself, but three or 
four times its own weight in addition, and will go, not 
two or three, but 100 miles or more without stopping, 
if only the road ahead be clear. And the iron horse 
is fed and controlled without even so much exertion 
as that put forth by a man on a horse of flesh and 
bone. 

Locomotion in Water.—Let us now consider the pow- 
ers of man relatively to other animals in moving upon | 
and through the great waters with which three-fourths 
of the earth’s surface is covered. Here he is in com- 
vetition with fishes, aquatic mammals and swimming 
virds. 

I have already stated that, unaided by mechanism. 
he has shown himself able to swim for short distances 
at the rate of three, and long distances (22 miles) at 
the rate of one mile og hour. He has also given in- 
stances of being able to remain under water for 4! 
minutes. (‘* Whitaker’s Almanac,” 1893.) 

Credible eye-witnesses inform me that porpoises | 
easily overtake and keep pace with a steamer going 
1244 knots, or say over 14 miles per hour, for an indefi- 


| nite length of time. This is five and fifteen times the | 


maximum swimming speed of a man for short and long 
distances respectively. No doubt the form and surface 


resistance, and his muscular power is more concen- 
trated and better applied toward propulsion in water 
than is the case with man, whose body is also adapted 
for 80 many other purposes, 

I am further informed by Mr. Nelson, of Redear, a 


| naturalist, who has made the experiment, that it is 


impossible for an ordinary sea-boat rowed by two men 
and going at five miles per hour to overtake the aqua- 
tic bird called the great northern diver, when endea- 
voring to make his escape by alternately swimming 
on the surface and diving below. His speed is there- 
fore nearly double the short and five times the long 
distance speed of unaided man in water. As regards 
remaining under water, fishes properly so called have 
unlimited powers, and even aquatic mammals, such as 
whales, can remain under for 14g hours. 

Using only his own strength, but assisting himself 
with mechanical devices, man has been able to in- 
crease considerably his speed as a swimming animal. 
Mr. John McCall, of Walthamstow, informs me that in 
1868 he constructed and repeatedly used an apparatus 
which acted like the tail of a fish. It consisted of a 
piece of whalebone, having a broad vet thin and 
elastic blade, tapering into a shank like the end of an 
oar. The blade was 15 in. wide and 4 ft. long, inelnd- 
ing the shank. To the end of the latter a horizontal 
crossbar 13 in. long was fitted, and leather pockets 
were provided at the ends for the feet. By swimming 
on his back and striking out alternately with his legs, 
he was able, with the assistance of this apparatus, to 
keep up with a seaboat pulled by two men at about 4 
miles per hour. 

By means of boats, which he propels by oars or sculls, 
and notwithstanding the increased weight, and there- 
fore displacement, involved by them, man has been 
able to increase his speed on the surface of the water 
to a maximum of about 12 miles per hour for about 4 
miles distance under favorable circumstances. So, by 
supplementing his bodily powers by means of mechan- 
ical aids, such as the diving-bell and the diving-hel- 
met, dress and air-pump, or by the portable self-acting 
apparatus used with such good effect in the construc- 
tion of the Severn tunnel, man has been able to ap- 
proach very nearly to the natural diving powers of, 
at all events, aquatic mammals, except that he cannot 
move about in subaqueous regions with anything ap- 
proaching their ease and cel rity. 

Invariably on water, as almost invariably on land, 
man is quite unable to compete in power of locomotion 
with other specially adapted animals, whether or not 
he avails himself of mechanical aids, so long as his 
own bodily strength is the only motive power he em- 
ploys. He has gradually come to recognize this fact, 
and to see that he must use his inventive faculties 
and find new and powerful motors external to himself 
if he would really claim to dominate the great waters 
of the earth. 

The fastest mechanism of any size, animal or man- 
made, which, as far as I know, has ever cut its way 
through the waters for any considerable distance is 
the torpedo boat Ariete, male by Messrs. Thornyeroft 
& Son, of London, in 1887. It has a displacement or 
total weight of about 110 tons, and machinery capable 
of exerting 1,290 effective horse power, or 11°7 horse 
power per ton of weight or displacement ; or, to put 
it in another form, an effective horse power is by it 
obtained from a weight of 191 lb., which includes ves- 
sel, machinery, fuel, stores and attendants. The speed 
accomplished at the trials of this little craft, being the 
average of six one-mile tests, was 26°18 knots, or 30°16 
miles per hour. (Engineering, July 15, 1887.) As 
might be expected, it resembles a fish, in that its in- 
terior is almost exclusively devoted to the machinery 
and accessories necessary for propulsion. During the 
trials the water, fuel, stores and other ponderable sub- 
stances carried amounted to 17°35 tons. Two similar 
boats were able to make the voyage to South America 
by themselves, though at much lower speed and re- 
plenishing their fuel on the way. No fish orswimming 
bird can match this performance. And inasmuch as 
191 lb. of dead weight produced 1 horse power, as com- 
pared with from 150 to 250 lb. in certain flying birds, 
it would seem that with suitable adaptations the 
Ariete might even have been made to navigate the air 
instead of the water.* But I will revert to this subject 
later on. 

-Where safety in any weather, and passsenger and 
“argo carrying powers are aimed at, as well as, or 
prior to, the utmost attainable speed—and these must 
ever be the leading features of ocean transit steamers 
if they are to attain commercial success—there I must 
refer you to those magnificent examples of naval arch- 
itecture which are more or less familiar to you all, and 
of which we, as a maritime nation, are so justly proud. 

If, for example, we turn our attention for a moment 
to the new Cunard liners, the Campania and Lucania, 
having each a weight or displacement of 18,000 tons 
and 24,000 effective horse power, or 1°33 horse power 
per ton of displacement, we shall find that, with the 
commercial advantages alluded to, they obtain a max!- 
mum speed of 225 knots, or about 26 miles per hour. 

If, instead of 1°33 effective horse power per ton of 
displacement, they were provided with eight times 
that amount, or 10°64 horse power per ton, thereby 
sacrificing passenger and cargo accommodation and 
making them nearly as full of propelling machinery 
as the Ariete torpedo boat, and if it were then found 
possible to apply this enormous power effectively, then 
there is every reason to believe they would accomplish 
for short distances double the speed, or say 45 knots, 
or about 52 statute miles per hour. 

By inventing and utilizing mechanical contrivances 
entirely independent of his own bodily strength, man 
can now pass over the surface of the waters at the 
rate of over 500 knots per day, and at the same time 
retain the comforts and conveniences of life as though 
he were on shore. He has in this way beaten the nat- 
ural and specially fitted denizens of the deep in their 
own element as regards speed and continuity of effort. 
But he is still behind them as to safety. e do not 
find that fishes or aquatic mammals often perish in 


/numbers, as man does, by collisions in fogs, or by 


being cast on lee shores and rocks by stress of weather. 


* M. Normand, of Havre, is building for the French government t¥? 
torpedo boats, each having a displacement of 125 tons and 2,717 efiective 
horse power, or 21-7 horse power per ton of displacement. This is equiva 


lent to 1 horse power per 103 Ib., and is still within the limits of weight 
(See Times, June 19, 1893.) 


permissible for aeria! flight. 
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Shall we ever arrive at the point of making ocean 
traveling absolutely safe? The Cunard Company is 
able to boast that from its commencement, fifty-three 

s ago, it has never lost a passenger’s life or a let- 
ned statement which gives ground for hope that al- 
most absolute safety is attainable. But, on the other 
hand, other owners of almost equal repute (not exclud- 
ing the British Admiralty) are ever and anon losing 
magnificent vessels on rocks, in collisions, by fire and 
even by stress of weather, in a way which makes us 
doubt whether it is possible for Britannia or any one 
else really to “rule the waves.” 

In one way the chances of serious disaster have been 
of late largely diminished, and here, again, nature has 
been our teacher. The bodies of all animals, except 
the very lowest, are symmetrically formed on either 
side of a centrai longitudinal plane. Each important 
limb is in duplieate, and if one side is wounded the 
other can still act. We have at last found out the 
enormous advantage and increased safety of having 
the whole of our ship-propelling machinery in dupli- 
eate, and our ships made almost unsinkable by one 
longitudinal and numerous transverse bulkheads. 

Locomotion in Air.—I now come to consider what 
is the position of man as regards locomotion in and 
through the great atmospheric envelope which sur- 
rounds the earth in comparison with animals specially 
fitted by nature for such work. 

Nature seems never to bestow all her gifts on one 
individual or class of animals, and she never leaves 
any entirely destitute. For instance, the serpent, hav- 
ing no limbs whatever, would seem at first sight to be 
terribly handicapped ; yet, in the language of the late 
Prof. Owen, “it can outclimb the monkey, outswim 
the fish, outleap the jerboa, and, the 
close coils of its crouching spiral, it can spring in the 
air and seize the bird on the wing.” (Pettigrew on 
“Animal Locomotion.”) Here we have the spiral 
spring in nature before it was devised by man. 

Flying animals seem to conform remarkably to this 
law. Thus we have birds like the penguin, which dive 
and swim, but canpot fly; others, like the gannet, 
whieh dive, swim, fly and walk; others, like the os- 
trich, which ‘run, but can neither fly nor swim; and 
numberless kinds which can fly well, but have only 
slight pedestrian powers. 


an, unaided by mechanism, can, as we have seen, | 


walk, run, swim, dive and jump, and perform many 
remarkable a but for flying in the air he is abso- 
lutely unfitted. All his attempts (and there have been 


many) have up to the present been unsuccessful, | 


whether or not he has availed himself of mechanical 
aids to his own bodily powers. It is said that a cer- 


tain man fitted himself with apparatus in the time of | 


James Vi. of Scotland, and actually precipitated him- 
self from the cliff below Stirling Castle, in sight of the 
king and his courtiers; but the apparatus collapsed, 
and he broke his leg, and that was the end of the 
experiment. 


ut why should not man fly? It is not that he does | 
not desire to do so, For every denizen of our precari- | 


ous British climate, when he has noticed the ease with 
which swallows and other migratory birds fly off on the 
approach of winter, hundreds and even thousands of 
tiles to the sanny south, must have wished he could do 
the same. One reason why we cannot fly, even with 
artificiai aids, such as wings, is that, as in the ease of 
the penguin or the ostrich, our bodily mechanism is 
specialized and our muscular power diffused in other 
directions, so that we could not actuate wings of suffi- 
cient area to carry us even if we had them, 

M. De Luey. a French naturalist, has shown that the 


wing area of flying animals varies from about 49 square | a bird should be able to maintain a downward pressure | horse po 


feet per lb. of weight in the gnat, and 5 square feet in 
the swallow, to half a square foot per Ib. of weight in 
the Australian crane, which weighs 21 Ib. and yet flies 
well. If we were to adopt the last or smallest propor- 
tion, a man weighing 12 stone would require a pair of 
wings each of them 14 feet long by 3 feet broad, or 
double the area of an ordinary room door, to carry him, 
without taking into account the weight of the wings 
themselves, 

In flying birds there is a strong tripod arrangement 
to seeure firm points of attachment for the wings, and 
adeep keel in the breast bone, to which the large 
pectoral muscles are secured. Think of the wings I 
have described and the absence of pivots, keel, and 
muscles in man, and it will be tolerably obvious why 
he cannot fly, even with artificial wings. 

But it might be contended that a man’s strength is in 
his legs rather than in his arms, and that it is eonceiv- 
able that a successful flying apparatus might be made 
if adapted for the most, instead of the least, favorable 
application of his bodily strength. 

According to D. K. Clark (‘** Rules, Tables, and 

ata,” pp. 719 and 720), a laborer working all day ex- 
erts on an average 0°13 horse power. The maximum 


power of a very strong man for avery short time is [fa parachute were falling in a current of air, which was brothers in 1788. During the last twent 


046 horse power. 
According to Dr. Haughton Animal Mechanies”), 


the oarsmen in a boat race of 1 mile, rowed in,7 minutes, be acting. So, if a bird with extended wings were slid- | 


exerted each 0°26 horse power. 

Suppose we take the rowing case as the maximum 
maintainable for, say, 7 minutes, bya man weighing 
168 lb. Then in flight we would have to sustain a 
Weight of 

168 


—— = 646 lb. 
0°26 


—— power exerted, besides the weight of the ap- 
now, we shall find later that no birds support even 
alf that weight per horse power which they have the 


power to exert, and that recent aeroplane experiments | 


aor its impossibility. On the ground, therefore, 
nn he is too heavy in proportion to his strength, it is 
eo that man is unfitted for flight, as well as because 
is limbs are not adapted for it. 
x. does not follow, however, that by aid of mechan- 
inde apart from his own body, and worked by power 
co pendent of his own strength, man may not imitate, 
npete with, and even outdo the fowls of the air. 

tus consider a few facts showing what birds can 
dently eannet hovers in the air above the sea. Sud- 
with, e nearly closes his wings, swoo down, and 

asplash disappears below the surface. Shortly 
swall he reappears with a fish in bis mouth, which he 

ows in a few gulps; then, @fter swimming on 


0. 


the surface a little, he’ reascends into the air to repeat 
the operation. 

The swallow rises into the air with a few tapid move- 
ments of the wings, then slides down as though on an 
areal switchback, and then up again till he nearly 
reaches his original height, or he circles round by rais- 
ing one wing, like a runner rounding a curve. 

The condor vulture, which measures sometimes 15 
frees across the wings, will fly upward till quite out of 
| sight. 

A flock of cranes have been seen migrating at a 
height of three miles, and proceeding apparently 
without any movement of the wings. 


| portion to their weight than they have been. If they 
are not, how isit that some of them can swim and 
float high out of the water ? 

Having an opportunity recently of inspecting a large 
wild, or whooper, swan, | ascertained its weight to be 
14lb. I noticed that the whole of the under part of 
the body, which would be immersed when swimming, 
was covered with feathers and underlined with down 
to an average depth of not less than inches, or, 
when closely pressed, say 1'4 inches. The immersed 
surface I estimated at i144 square feet. The weight 
of water displaced by this feather and down jacket, 
and the consequent extra buoyancy produced thereby 


The peregrine falcon will swoop down upon a par- | was no less than 9°78 Ib. This would account for two- 
| tridge, and missing it by a doubling movement of the | thirds of the bird’s body being out of water when 


| latter, will slide upward, thus converting his kinetic 
into new potential energy. He will then turn and de- 
|scend again, this time securing his prey. 

Mr. J. E. Harting, one of the principal British orni- 
thological authorities, has, after careful investigation, 
arrived at the conclusion that the speed of faleons in 
full flight is about 60 miles per hour. (Fie/d, Decem- 
ber 5, 1891, p. 856.) 

Mr. W. B. Tegetmeier, another well known author- 
ity, gives (Field, January 22, 1887, p. 114) the results of a 
| number of experiments on the s of homing pigeons 
made under the auspices of the United Counties Flying 
Club in 1888. The average speed of the winner in 
eighteen races was 36 miles and the maximum 55 miles 
per hour. The greatest distance flown was 309 miles. 

The albatross, the largest web-footed bird,measuring 


up to 20 lb., frequently accompanies ocean steamers 
from the Cape to Melbourne, a distance of 5,500 knots, 
without being seen to rest on the way. 
| An American naturalist, Mr. J. Lancaster, who spent 
no less than five years on the west coast of Florida 
| (‘‘ Problem of the Soaring Bird,” American Naturalist, 
| 1885, pp. 1055-1162), in order to study the habits of 
aquatie and other birds which frequent these shores, 
| arrived at the following conclusions, viz. : 

| ‘Though all birds move their wings sometimes, man 
|ean remain indefinitely in the air, with wings extend 
and motionless, and either with or without forward 
|movement, This he calls “soaring.” 

The wing area of soaring birds varies from 1 to above 
2 — feet per lb. of weight. 
he larger the wings per lb. of weight, the greater the 

power to soar. 
| The heavier ‘':e bird, the steadier his movements. 

Soaring birds always face the wind, which, if they 
do not move forward or downward, must not blow at 
a less speed than 2 to 5 miles per hour. 

Mr. Lancaster specially watched a flock of buzzards 
about 30 feet above his head, waiting for him to leave 
the body of a dead porpoise. Their wings were about 
8 feet from tip to tip, and their average weight about 


6lb. During three hours at midday, when the wind | 


| which they faced was very strong, they flapped their 
wings about twenty times each. Later, during two 
hours, when the wind had subsided, they never moved 
| them at all. 

Mr. Laneaster timed frigate birds, and found them 
able to go at the rate of 100 miles per hour, and that 
on fixec aes he is of opinion that at all events up 
to that speed they can fly just as fast as they please. 
He says, further, that the same birds can live in the 
air a week at a time, night and day, without touching 
a roost, and that buzzards, cranes, and gannets can do 
the same for several hours at a time. 

| The observed facts relating to the phenomena of 
flight are still but very imperfectly understood. That 


on the air sufficient to counteract the effect of its own 
weight, and a backward pressure sufficient to force it- 
self forward at such speeds as I have named, seems 
wonderful enough when it is known that it continu- 


ously operates its oe But that it should be able) 
an 


to do the same withou y muscular movement at all 
is almost incomprehensible. It seems to be an instance 
or the suspension of the laws of gravity and of the exist- 
ence of cause without effect, and of effect without 
cause. Itis not a case of flotation, like a balloon, for 


any bird falls to the earth like a stone when shot. | 


Mr. Lancaster suggests that the bird’s own weight is 
the foree which enables him to counteract the effect 
thereof, but this explanation is, I confess, beyond my 
comprebension. 

It seems to me that for every pound of his weight 
| pressing downward there must be an equivalent force 
| pressing upward. This can be produced only by his 
giving downward motion to the air previously at rest, 
| or by his arresting previous motion of air in an upward 
|direetion. The latter alternative involves the suppo- 
| sition that the air currents which soaring birds face 
}are not, as Mr. Lancaster believes, always horizontal, 
| but must have, to some extent, an upward direction. 


| moving upward at the same rate as the parachute fell. 
| it would obviously retain its level, yet gravity would 


|ing down a stream of air which was tending upward at 
the same angle and same velocity, the phenomenon of 
soaring would be produ 

Weight of Birds in Relation to their Bulk.—It is 
generally believed that birds are lighter, bulk for bulk. 
than other animals, and that to this lightness they 


ing on water. To account for this it is said that their 
bone cavities are filled with air, and that some, though 
not even all, flying birds have small air sacs under 
the skin. It is clear, however, that displacement of 
external air by air-filled cavities can only assist aerial 
flotation to an infinitesimal extent, unless highly 
heated. Such cavities would, however, help aquatic 
birds to swim, if situated under the immersed portion 
of their bodies, which is not always the case. 

Some aquatic birds, such as swans, swim with head, 
neck, wings, tail, and half their bodies out of the 
water. The specfic gravity of fishes and land animals 
is clearly about the same as water. For, when swim- 
ming, they can keep only asmall portion of their heads 
above the surface, and that by continued exertion. 
Are then, birds, in the substance of their bodies, less 
dense than other animals, although also composed of 
flesh, blood, and bone, and these components in similar 
proportions and of similar character and texture? If 
they are, then land animais might have been made 
lighter in proportion to their bulk or smaller in pro- 


sometimes 17 feet from tip to tip of wing, and weighing | 


swimming, even if the body were of the same specific 
gravity as water. 

I next procured a freshly shot wild duck, which 
weighed 244 Ib., and placed it in a tank of sea water. 
It floated. I found the area of its immersed surface to 
be 54 square inches, and the average depth of its un- 
der feathers and down to be % inch. The water dis- 
placed by this envelope would weigh 1°5 lb., and would 
support three-fifths of its entire weight. I then had it 
denuded of all its feathers and down, and again 
placed in the tank. It then slowly sank to the bot- 
tom. 

These experiments, so far as they go, seem to prove 
conclusively that birds are not lighter, bulk for bulk, 
than other animals, but, on the other hand, about the 
same specific gravity, and that their floating power 
lies entirely in the thick jacket or life belt with which 
nature has furnished those, and those only, which are 
intended to swim. 

Inasmuch, therefore, as the specific gravity of the 
actual bodies of all animals appears to be about the 
same, there is no reason to believe that any could have 
been constructed of lighter material or to lighter de- 


sign. 

Weight in Relation to their Energy.—But notwith- 
standing this uniformity of specific gravity, there re- 
mains the curious fact that flying birds can exert con- 
tinuously about three times the horse power per lb. of 
weight that man can—-and, indeed, about three times 
what is possible for the horse. This marvelous flow 
of energy in proportion to weight is probably due to 
rapidity of limb action rather than to increase of 
muscular stress. I have timed seagulls and found them 
to flap their wings two hundred times per minute 
when flying at about 24 knots per hour, and have esti- 
mated eider ducks, making about 36 knots per hour, to 


|for precise counting. 
| which seems to me to be unequaled in the terrestrial 
| animals, is nevertheless maintained by birds for inde- 


owe, in some degree, their power of flight and of float- | 


be flapping their wings five hundred times in a minute. 
I say “estimated,” for their movements are too rapid 
This outpouring of energy, 


finitely long periods of time. 

A proportionately increased rate of combustion and 
renovation of tissue as well as of food consumption are 
| necessary consequences. The higher temperature of 
| the bodies of birds, as compared with other animals,* 
and the well-known voracity of those which, like sea 
birds, are almost continuously on the wing, are cir- 
cumstances which seem to point to the same conclu- 
‘sion. It is confirmed by what we know of steain and 
|other motors. For instance, if a steamship were so 
| built and proportioned that a ton of coal per hour con- 
sumed in the boilers would maintain the pressure at 

100 lb. per square inch and produce 1,000 horse power 
at the propeller ; and then if, without other alteration, 
firing was slackened until the steam fell to 50 lb. per 
square inch and there maintained, it is clear that the 
wer produced would be greatly lessened, and 
so would the temperature of the steam in the boilers, 


' steam pipes, and cylinders. Thus, other things being 


ual, the temperature of the steam would rise and 
fall with the energy given forth by the mechanism. 
The suggestion is that {the higher temperature of 
birds, as compared with other animals, is similarly 
eonnected with their superior power of producing and 


| maintaining energetic effort. 


AERIAL NAVIGATION. 


Let us now consider what man has done, and may be 
able to do, in aerial navigation by aid of contrivances 
which, as in the ease of railway locomotives and ocean 
steamers, are propelled by a power other than that of 
his own body. 

The scientific world is greatly indebted to Mr. Hiram 
8. Maxim, of London, for recording, in a clear and 
readable form. the present position of aeronautic 
mechanisms.+ So far, the only contrivances which have 
been fairly successful are balloons, which, unlike birds, 
depend on atmospheric displacement for their power 
| of sustaining weight or rising or falling. 

In balloon experiments our French neighbors have 
| led the way, from the first attempt of the Montgolfier 
years they 
have made numerous experiments and substantial im- 
rovements. Captain Renard and other officers of the 
nch army have constructed a fish-shaped apparatus, 
and inflated it with hydrogen. It is driven by an elec- 
trie motor of $44 horse power, and has sufficient buoy- 
ancy to carry two aeronauts and all necessary acces- 
sories. In fair weather Captain Renard has succeeded 
in traveling at the rate of 124 miles per hour, in steer- 
ing in any direction, and even in returning to his point 
of departure. The balloon, it is said, always keeps 
level, and so far there have not been any accidents ; 
but no expedition has been attempted in wet or windy 
weather. 

Except that a more werful motor, going at a 
higher s . might be fitted to such an apparatus, 
Mr. Maxim thinks that it is as near perfection as is 
ever likely to be reached by a machine depending on 
aerial flotation. He proceeds to give an account of 
some experiments made by Prof. 8. P. Langley. of the 
Smithsonian Institution, Washington, and of others 
by himself, to ascertain how much power is required to 
produce artificial fiight by means of aeroplanes, after 
the manner of birds, and whether such power can be 
obtained without exceeding the weight which it would 
itself sustain. 

He says that heavy birds, with relatively small 
wings, carry about 150 Ib. per horse power exerted, and 

* Chambers’ Encyclopedia, “ Bird and Animal Heat ;" Lehrbuch der 
Zoologie, by Prof. Hertwig, p. 538. 

in Aerial Nav by Hiram S. Mi 
Be igation,” by jaxim, Fortnightly 
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birds such as the albatross and vulture probably about 
250 lb. Prof. Langley, with small slanting planes, was 
able to carry 250 lb. per horse power exerted ; and Mr. 
Maxim, using heavier weights in proportion to plane 
area, 133 lb. per horse power, and using lighter ones, 
nearly the same as Prof. Langley. 

Mr. Maxim has lately devoted his energies to con- 
structing a motor which should meet the requirements | 
of the case, and has succeeded, he says, in producing | 
one : a steam engine burning naphtha and with atmo- | 
spheric condenser, with a total weight of 8 Ib. per horse | 
power. He thinks, however (Hngineer, January 13, | 
1898, p. 28), that by using light naphtha and its vapor | 
in the boiler instead of water, as well as in the furnace | 
as fuel, a weight as low as 5 lb. per horse power may be | 
reached. 

Meanwhile Prof. Langley’s ideas have been embodied 
in an experimental flying machine, a drawing and de- 
scription of which will be found in the Daily Graphic 
for July 1, 1898. The body, which resembles that of a 
bird and is 15 feet long, contains the propelling ma- 
chinery in duplicate. The wings, which are 40 feet 
across, are of China silk, spread on a_ tubular frame- 
work, stiffened with wire trusses. The boilers use 
liquid fuel and contain a highly volatile fluid. The 
capabilities of the machine have not yet been practi- 
eally tested. 

Promising as are the results hitherto obtained, they 
are as yet far from placing us on a level with birds 
in power to utilize the atmosphere as a navigating 
medium. The absolutely necessary power of delicate 
guiding, in rising, faliing, and turning, whatever the 
direction or foree of the wind, has yet to be considered 
and worked out. What would happen in case of a 
temporary breakdown of the aeroplane machinery we 
shudder to think of. 

An important step has been effected by the discov- 
ery that parachutes with tubular orifices at the top are 
comparatively safe appliances for descending to the 
earth from indefinitely high attitudes. Perhaps it may 
be arranged that each aeronaut should be able, at a 
moment’s warning, to gird himself with one of these as 
with a life belt on board ship, and so descend in safety, 
or one or more automatically opening in case of dis- | 
aster might be fitted to the aeroplane as a whole. 


EVENTUAL EXHAUSTION OF FUEL SUPPLY. 


I have still to refer to one other question, the con- | 
sideration of which must always give rise to very seri- 
ous thoughts. We have seen that the decisive victories 
which, in modern times, man has gained over matter 
and over other animals have been due to his use of | 
power derived from other than animal sources. That |} 
power has invariably proceeded from the combustion | 
and the destruction of fuel, the accumulations of which 
in the earth are necessarily limited. 

Mechanical appliances involving the consumption 
of fuel have, for a century at least, been multiplying 
with alarming rapidity. Our minds have been set 
mainly on enlarging the uses and conveniences of man, | 


— =) him, each in its own element, because he has 
no fuel. 
CONCLUSION. 


Leaving to our posterity those more remote troubles, 
we may, I think, justly draw from the entire discussion 
the conclusion that we have still a great deal to learn 
from mechanisms as they exist in nature. Great as have 
been the achievements of man since he first began to 
study mechanical science, with a view to directing the 
great sources of power in nature for his own use and 
convenience, the entire field of research is by no means 
yet fully exhausted. We must continue to study the 
same science with undiminished ardor. In so Selene 
we shall do well to bear in mind that success can be 
achieved only by the patient, accurate, and conscien- 
tious observation of the great facts of nature, which 
are equally open to us all and waiting for our atten- 
tion; and by drawing correct inferences therefrom, 
and by applying such inferences correctly to the ful- 
fillment of the future needs and destiny of our race. 


ALLDAYS’ DETACHABLE VISE CLAMP. 


TuksE little engravings represent a very useful form 
of vise clamp by means of which tubes or round bars 
of any size can be held in vises with half the pres- 


view 


sure formerly required, without risk of straining the 
jaws of the vise, and without distiguring or spoiling 
the article worked upon. They are so constructed 
that tubes and bars can be held horizontally or verti- 
eally, affording great facility in their manipulation. 
They are inexpensive, and are provided with set screws 
for fixing them to the vise jaws. They are of stamped 
steel, and sufficiently hardened for holding tubes 
against all allowable torsion. In the smaller sizes 
rather more room is taken proportionately than with 
the larger sizes, but this offers no difficulty with the 
parallel vise, and the old form of vise is now probably 
so little made as to be of no importance. 


THE LARGEST CARGO STEAMER IN THE 
WORLD. 


THE construction in recent years for the Atlantic 
passenger trade of swift high-powered steamers pos- 


lace in the White Star cargo fleet. This vessel, which 
is named the Cevic—signifying her relationship to the 
Bovic, Tauric and Nomadic—is of the following dimen. 
sions, viz., length 500 ft., breadth 60 ft., depth 38 ft, 
estimated registered tonnage 8,315 gross, 5,335 net, to. 
tal capacity of holds 14,089 tons. She will be fitted for 
the accommodation of 800 head of cattle on the upper 
and bridge decks, and will in addition have permanent 
stalls for in the center of the upper deck. 
The Cevie will be fitted with two sets of triple expan- 
sion engines driving separate propellers, so that the 
chances of total breakdown will be reduced to a minj- 
mum and every improvement that can be devised in 
respect of ventilation, fresh water supply, ete., condy- 
cive to the safe carriage of horses and live stock, wil] 
be provided. A ship of this large size, and so com- 
pletely equipped as the Cevic, should form an invaly. 
able Admiralty transport for horses and material, 
we reproduce a sketch taken during the launch.— The 
Engineer. 
IMPROVED METHOD FOR’ ELECTRO. 
PLATING THE BOTTOMS OF VESSELS. 


PAInTs and compositions innumerable have been 
tried toprevent marine growths, animal and vegetable, 
from forming upon iron and steam vessels below the 
water line, but the official reports of the United States 
navy show that no such means has proved at all ef- 
feetive, and, in fact. as reported by Theodore D. Wil- 
son, late chief naval constructor, ‘thousands of dol- 
lars have been expended in the testing of protective 
and anti-fouling paints and compounds, with results 
which give but very little encouragement to further 
experiments.” 

t is well known that United States vessels in waters 
far from docking facilities lose sometimes as much as 
50 per cent. of their speed efficiency because their hulls 
cannot be properly cleaned. 

Chief Constructor Wilson, in his argument for cop- 

ver sheathing, submitted a letter from Commander 

hilip, of the Ranger, under date of June 22, 1892, in 
which he called attention to the fact that with a clean 
bottom the ship readily made 7 to 8 knots on 7 tons 
of coal, while with a foul bottom she only made 6 
knots, though burning from 12 to 14 tons of coal per 


AN 


day. 

it is estimated by the officials of the Navy Depart- 
ment that the cost of docking, cleaning, and painting 
, the cruiser Chicago, at suitable intervals during a 
| three years’ cruise, will require the expenditure of near- 
| ly $100.000. These are the results with paints and 
protective compositions at the present time, and to 
|avoid such losses, it has been proposed abroad to 
| sheathe steel vessels with wood. and afterward apply 
| copper; as it is known that galvanie action may injure 
‘the steel. The steel and copper, when immersed in 
| salt water, undoubtedly generate galvanic action, and 
|to prevent such action, at least 4 in. of wood back- 
ing is required, which is applied in two layers, the 


and seareely at all on economizing the great sources of | sessing necessarily small cargo-carrying capacity has | first 2 in. sheathing being secured to the steel by iron 


»ower in nature, which are now for the most part its | 
uels. Terrible waste of these valuable stores is daily | 
oing on in almost every department of use. Once ex- | 
austed, they can never be replaced. They have been | 
drawn upon to some extent for 1,000 years, and exten- | 
sively for more than 100. Authorities say that another | 
1,000 years will exhaust all the more accessible supplies. | 
But suppose they last 5,000 years—what then? Why, | 
then, as far as we can at present see, our only motive | 
powers will be wind and water and animals, and our | 
only mode of transit, sailing and rowing, driving, 
cycling, riding, and walking. 


given rise to the building of steamers for the sole con- 
veyance of cargo and live stock, and the number of 
these steamers employed between England and the 
northern ports of the United States is steadily on the 
increase. The White Star line has formed an entire 
fleet, consisting of the highest class of steamers, for 
their cargo and live stock service between Liverpool 
and New York, the majority of which are fitted with 
twin screws. They = from Liverpool every Friday 
and New York every Tuesday. he company has 
been remarkably successful in the conveyance of live 
stock. During the current year their steamers have 


Sir Robert Ball has estimated that in not less than | brought over from New York to Liverpool 20,673 head 
5,000,000 and not more than 10,000,000 years the sun|of cattle, out of which number they have only lost 


bolts, and on this a second 2 in. sheathing is attached 
by means of copper bolts, and these finally covered 
with copper sheets secured by nails. Such a construe- 
| tion enormously increases the weight and cost of the 
vessel, and has long suggested the importance of at- 
taching copper directly to the hull. 

In 1892, Mr. Alexander D. Buchanan, of Long Island 
City, N. Y., obtained a patent for a process for electro- 
plating with copper the bottoms of vessels. His plan 
was to dock the ship and inclose the hull in a flexible 
water-tight blanket or envelope, and to fill in a plating 
solution between the hull and envelope, and then, by 
means of powerful electric machines, to electro-plate 
the entire bottom of the vessel. A more recent inven- 


LAUNCH OF THE WHITE STAR LINER CEVIC. 


tion, which we here illustrate, is that of Mr. Thomas 


will have become too cold to support life of any kind | thirteen, showing the extremely small percentage of 
on this planet. Between the 5,000 years when fuel will 0°06 of one per cent.; in addition they have carried 
certainly be exhausted and the 5,000,000 years when all | without loss 168 horses from the United States. A new ! 
life may be extinguished, there will still be 4,995,000 twin serew steamer, which is by far the largest freight | in sections upon the surface of the vessel, in success! 
years when, according to present appearances, man steamer in the world, was recently launched from the | rows, and the joints of the sections are overlapt 
avill have to give up his hardly earned victories over| yard of Messrs. Harland & Wolff, at Queen’s Island, | during the electro-deposition in such a manner as 
matter and other animals, and the latter will again | Belfast, and is intended on completion to take her | perfectly unite the whole coating of the vessel. 


8S. Crane, of East Orange. N. J. 


By this invention, the copper is electrically deposited 
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whole surface below the water line, including the riv- 
eted laps of the steel sheets, the keel, the stern and 
rudder post, are thus protected by an unbroken me- 
tallic sheet of copper. The baths are open upon one 
side, which is applied to the hull of the vessel, and the 
illustration shows the application of the baths to the 
side of the vessel while supported upon blocks in a dry 


k. 
“Such baths would, of course, be preferably applied 


that their ends, when applied in the second operation, 
may overlap the deposits first formed, and thus unite 
the second deposits firmly to the first. 

The baths are about 4 ft. wide by 10 ft. long, but 
may be larger if desired; and special devices are pro- 
vided for plating the irregular surfaces about the 
stern from the keel to the water line in a single ope- 
ration. 

A difference of potential of 14¢ volts and a current of 


AN IMPROVED METHOD FOR ELECTRO-PLATING THE BOTTOMS 
OF VESSELS. 


while the vessel is upon the stock when first built, but 
itis the practicability of copper-coating the hulls of 
vessels already built, without taking them too long a 
time out of commission, which renders the invention 
peculiarly valuable. 

The means for effecting the deposition of the cop- 
per — the hull of the vessel are commpecndindie 
simple. 

An electric generator has its negative pole attached 
to the vessel, and its positive pole is connected with 
the baths. The baths are made with flexible frames 
having a yielding packing at the edges, and may thus 
be bent to form a water-tight joint around the mar- 

in with the curved surface of the vessel. Several 

ths are applied simultaneously to alternate sections 
over the whole surface of the vessel below the water 
line, and after depositing a suitable coating of cop- 
per from each bath, the baths are then shifted to 


the intermediate unplated sections and the remaining | 
| ing. 


surface of the vessel is plated in a single operation. 


The baths are so disposed during the first operation | 


744 amperes per square foot have been found sufficient 
for the deposition of the copper. 

To illustrate the practicability of the method, we can 
take a ship of ordinary size for an example. A vessel 
400 ft. long, drawing 20 ft. of water, has about 24,000 
square feet of surface below the water line. Assuming 
that one-half of this surface is plated at one time, the 


ship by various means adapted to their location, 
but are applied and removed with the utmost facility. 

This improvement is controlled 5 the Ship Copper 
Coating Company, of Newark, N. J. 

A steel ship plate, having several overlapping sec- 
tions formed by the method described, can os seen at 
the office of Gordon, room 2% Trinity Building, 
New York City. 


THE WORLD'S COLUMBIAN EXPOSITION— 
THE RUSSIAN EXHIBIT IN THE PALACE 
OF MANUFACTURES AND LIBERAL ARTS. 


THE Russian section in the Palace of Manufactares 
and Liberal Arts was the last to be finished, because 
the vessel carrying the exhibits was ice-bound in the 
Baltic Sea for a long time. The arrangements were 
not completed until six weeks after the opening of the 
Exposition. The pavilion is one of the most beauti- 
ful and attractive objects, not only in this section, but 
in the entire —"s being of the peculiar Russian 
style, rich in color. ¢ was constructed in Russia, at 
the expense of the government, and then set up here. 
The Russian eagle rises proudly above the high pin- 
nacles and the Byzantine arch. The interior is worthy 
of the fine exterior. The walls of the rooms are cover- 
ed with beautiful hangings rich in figures, and here 
are grouped products of the chief industries of the 
great empire, among which there are many fine bronzes 
which are especially remarkable for their clever, life- 
like designs—Cossacks on galloping horses, eques- 
trian statues, sleighs and troikas in 4 motion, 
Tscherkassians, Bashkirs, types; in fact, all the inhab- 
itants of the empire are represented here in bronze. 
Different materials, such as crystal, malachite, mar- 
ble, lapis lazuli, etc., have been chosen for the socles. 
From these minerals, which are peculiar to Russia, 
many charming and expensive articles have been 
made, from little shirt studs to the tops of immense 
tables, fittings for fireplaces and writing tables, beau- 
tiful vases and fine mosaic work skillfully executed. 
The most beautiful exhibits are from the imperial 
stone-polishing works at Peterhof. The emperor is 
their best customer, for each year he expends about 
$275,000 in the purchase of various articles, many of 
which he has allowed to be exhibited. Three chiffo- 
niers made of different Siberian stones, with mosaic 
decorations, that were sent by the Czar, are much ad- 
mired, as is also the gold and silver work, copies of 
Byzantine models and the enamel work sent by sev- 


eurrent required at 714 amperes per square foot would 
aggregate 90,000 amperes, which would be furnished by 


‘several dynamos if desired; and the power required to 


deposit the copper would be equivalent to about 185 
horse power. single deposit of suitable thickness | 


|can be made in less than three days, and the whole 


bottom of the ship can thus be plated in eight or nine | 


| days, using about 55,500 lb. of copper, which, at 11 
| cents per pound, would cost $6,105. 


The use of the sectional baths permits the formation | 
of the electro-deposit under the most favorable condi- | 
tions, and assures an even and firmly adherent coat- 


The baths are held in place upon the side of the | 


eral Moscow firms. The imperial printers have also 
some notable exhibits, among which are samples of 
water-marks, such as are seldom seen elsewhere ; draw- 
ings and steel engravings, and, as a Russian specialty, 
interesting galvanic work done by the pupils of the 
institute in their experiments made with the object 
of substituting iron for copper in typographical work. 
5,000,000 impressions can be taken from an iron plate 
of this kind, while copper plates are used up after 
1,000,000 copies have been made. Faney articles in 
leather, gilded and silvered bronze, furs, textile prod- 


| uects—including the famous Orenburg woolen goods— 


complete this interesting section, from which it will 
be seen that Russian industries, in many departments 


THE WORLD'S COLUMBIAN EXPOSITION—THE RUSSIAN SECTION IN THE MANUFACTURES AND LIBERAL ARTS BUILDING. 
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have kept pace with those of other civilized countries. 
The Americans have always been friends of the Rus- 
sians, and the very fine exhibits which the latter have 
sent to Chicago will tend to improve this friendly re- 
jation.— ///ustrirte Zeitung. 


HOW TO CONSTRUCT A_ VIOLIN. 


WE herewith present illustrations for the construc- 
tion of @ first-class Stradivarius violin. One-half of 

ig. 1 shows the top or belly of violin and the 
other half the back. In laying out the pattern it is 
only necessary to make a pattern of one-half of the 
cut, Both sides of the outline are the same, 

Line A Bon Fig. | represents the joint in the top 
and back of the violin, which should be exactly in the 
center. The half of thecut with the f hole in it shows 
the top or belly, also showing the thickness, position 
of f hole and sounding post. The other half shows 
the back. ‘The irregular dotted lines on top and back 
side show the thickness that the violin should be 
when finished. The dotted lines running parallel with 
the outside edge on the belly side represent the sides 
of violin and also the profiling or inlaying, which is 
placed directly over the sides. The shaded three-cor- 
nered shaped pieces, A A, are corner blocks to which 
the sides are glued. They are made of spruce, the 
grain running at right angles with the grain of the 
sides. 

At © isa block, the grain running the same way, 
placed on the inside of the violin, flush with the sides 
on top and bottom. It is used to hold the ends of sides 
and also the head or neck of violin, which is dove- 
tailed into it, Y in. deep from the outside. The) 
block shown at D is like the one at C, 2 in. wide, ;y| 
in. inthe center. It is used to hold the sides and tail | 


' The dotted lines on the G side of the center show 
the position of base bar, which is made of spruce 3 in. 
high, ;, in. thick where it is joined to the —_ of the | 
violin, and 104 in. long and arch-shaped, as shown by | 
the dotted line, E F, Fig. 2. 

The top of belly is made of spruce, the older the bet- 
ter. It can generally be found in the timber of some 
old building. It should be straight-grained and free 


Fie. 3. 


from all imperfection, such as stains, knots, ete. It 
should be split out on the quarter, as shown in Fig. 3, 
the grain running through the piece edgewise, and | 
should have anice satin or glossy look when split | 
open. 

The dimensions when split out should be as follows :| 
About 16 in. long, 44% or 5 in. wide, 1° or 174 in. thick at | 
outside edge and about °4 or 7g in. at the inner or heart | 
edge. Then saw it in two pieces, as shown by dotted | 
line, C B. Then you will have two pieces 44g by 34 by 16 
in. Glue the thick edges of these pieces together, and 
be very careful and get a nice joint, as the pieces will 
not hold together after being worked out, if this in- 
struction is not carefully carried out. 

Use nothing but the best glue. These pieces, after 


Fig. 4. 


sins glued together and the flat or sawed side dressed 

in a “"-7) be large enough to work as follows: 145, 

in 4 wide, 5g in. thick in the center, and 4 
1e edges, 

ext, lay out your one-half pattern, made of a 

Plece of zine or firm Bristol board, and should be 


center of the joint, minus the semicircle H on the back 
side, 41, in. on a straight line across the large end, 2, 
in. at the narrowest place in the center, 3'44 in, at the 
small end. These last three measurements are from the 
center to the outside edge. ‘This half pattern will an- 
swer for the back and the belly, except on the back 
there should bea semicircle as shown at H, for the bot- 
tom side of the neck to rest on. 

There are not any f holes except in the top or belly 


Fra. 5. 


side. The f holes should be placed in the exact posi- 
tion shown in Fig. 1. Now place the pattern on the 
flat side of your spruce piece, with the straight edge 
exactly on the joint, and mark around the outside 
with a sharp point. Turn your pattern bottom up, 
and make the other half of the top, and cut the wood 
carefully away to this line You can mark the back 
out, using the top for a pattern, laying the flat side of 
each together, not forgetting to add the 7, in. semi- 
cirele on the front, or neck end, of the back. 

Next make a templet to fit the line H I, Fig. 2, 


4 


and mark out for top so the templet will fit it in the 
entire length lengthwise on the joint ; then a templet 
across the large end at J K, Fig. 1. 

Then one at center, L M, and also at N O, Fig. 1. 
These templets are allan are of circle that will inter- 
sect the arching of the violin in the center, which is 
5¢ in. thick from the underside to the top of the arch. 

Now mark carefully from each of these lines to one 
another, removing all irregularities, which can be de- 
tected by passing the hand over the surface. 

Having marked out the outside, and sandpapered it, 
first with No. 1 and then with No. 00 paper, next 
make a board about 1 in. thick and about 2 in. larger 
than the belly, and hollow it out so the meg | will lie 
in it, flat side up, without rocking. Place the belly 
in this recess, and begin to work out the wood to the 
proper thickness, leaving a flat margin of °4 in. all the 
way around it, where it is glued to the sides, also flat 
places where the corner blocks come, A A and C D, 


= 
| 


Fig. 7. 


Fig. 1. Mark the thickness to ,, in. strong on the out- 
side edges, using the calipers to govern you, and 1¢ in. 
strong in the center, except a small spot where the 
sounding post sits, which should be ,, in., as shown in 
Fig. 1. 

Then proceed with the back in the same manner, 


fae as large as shown in Fig. 1, which in the full 
Should measure as follows: 14 in. long along the 


leaving it of the thickness shown on the otber half of 


should be ,, in. thick at the outer edge, and gradually 
growing thicker till it gets to be 4 in. when it reaches 
ine 1, and then increase till it measures !, in. on line 
No. 2, and so on increasing in thickness till it gets to 
be , in. in the space inclosed by line No. 3. 

Next make a workboard, like cut No. 4, of 7% in. 
pine. It should be just ,y in. strong, smaller all the 
way around than your pattern for the top. <A good 
way to make it is to mark it out by laying the top or 
pattern on it and marking it out full size, and then 
making another line ,*, in. inside of that one. This is 
to be used to glue the sides together on, so as to keep 
them in shape till the back is glued to the sides. Cut 
dovetailed notches in this board to hold the corner 
blocks, AA A Aand Dand C. Have them fit loosely 
so you can slip them out after gluing the sides or 
bants to them. Have the outside of these blocks 
the shape of the top, or belly, less Next glue a 
thin strip on to the edge of the sides ,, in. thick, , in. 
wide, to thicken the sides where the top and bottom 
glue on to the sides. Then, after gluing them on 
one edge of the sides, glue on the back, and slip it off 
the board, and work out the corner blocks to the 
dotted lines, and glue the thickening pieces on the 
other edge of the sides. Then glue on the base bar on 
the inside of the belly, as shown in Fig. 1, % in. from 
the joint to the inside of base bar at the neck end, and 
§ in. at the large end of the violin. 

Then you are ready to glue on the belly with thin 
glue, so it can be removed to repair it at any time. 

The sides are made of maple, of the same material 
as the back, and are y'; in. thick and 1 in. wide. They 
are bent into shape by boiling them in water till pli- 
able, and then bending them over a round piece of 
hot iron. 

The profiling, or inlaying, is a piece of white holly 
veneer in the center, with a piece of ebony on the out- 
side, glued onto a form till dry, and then removed and 
cut into strips 1, in. wide, and let into the top and 
back about ,, in. deep, directly over the sides, about 
1, in. from the outside edges. his is done by mark- 
ing around the violin with the marker shown in Fig. 
5, which is simply a short piece of 44 in. dowel rod, 


6. 


with a hole in it, and a piece of ¥4 in. rod passing 
through it fitting tightly. 

Fig. 6 shows a pair of calipers for working out the 
thickness on top and back. 

They can be made of steel ,; in. thick, or hard 
wood, °g in. thick. The screw in the rear end will 
govern the thickness. Fig. 7 illustrates f hole full 
size. 

Next comes the head or neck. It is cheaper to buy 
this ready made, at a store where they sell violin fit- 
tings, as it is quite a difficult job to make a good one, 
and they can be bought very cheap. 

Work the end opposite the head, or the rough end, 
down to 14 in. on the top, or fingerboard side, aud % 
in. on the lower side, and let it into the body of the 
violin 4 in., cutting through the bants and into the 
black inside the violin. 

It should project 4 in. above the top side of the 
belly of the violin, and should be at an angle with the 
top of the violin, so that when a straight edge is placed 
on where the fingerboard goes, and projects up to the 
bridge, it will measure 1 in. from the center of the 
arching of the belly to the underside of the straight 
edge. The length of neck should be 5's in. from the 
peg box to end of neck, where it is cut into the body 
of the violin. 

The fingerboard should measure % in. at small end 
and 15g in. at large end and 10%, in. long. 

Fittings for the above violin, such as neck, finger- 
board, pegs, ete., can be oo at any violin fit- 
ting store very reasonably. In writing this article I 
have carefully avoided technical terms. 

51 Cranberry Street, Brooklyn. 

HOW TALC I8 UTILIZED. 


AN article which is much in use everywhere, and es- 
pecially in Cincinnati, is tale. Tale bears the saine 
relationship to soapstone that marble does to lime- 
stone; that is, it is a very superior kind of soap- 
stone, just as marble is a superior kind of lime- 
stone, the superiority being so marked that it is, ex- 
cept - the eye of the geologist, an entirely different 
article. 

There are several different sorts of tale—gray, yellow, 
white and fibrous. Fibrous tale is found chiefly in 
New York State, and is used chiefly in the manufac- 
ture of paper. All tale is absolutely fireproof, and is, 
therefore, extremely valuable for the manufacture of 
non-combustible wall papers, paper window curtains, 
etc. Powdered tale is made from the ordinary tale 
which is found in France, Italy, North Carolina, 
Georgia and Alabama. This sort of tale is used large- 
ly by soap factories as a filler for the cheaper grades of 


H. L. Kent. 


soap. 

| in its crude state it has a very oily “feel,” and 
is one of the best lubricants known. When mixed 
with the commoner grades of soap it renders them as 
pleasant to the rece as the most expensive brands, 
and renders the skin smooth and soft, although it has 
no cleansing qualities whatever. 

Of late years tale has been largely used in the manu- 


Fig. 1. The space between line 1 and the outside edge 


faeture of patent wall plaster. A little tale mixed in- 
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to the plaster gives a smooth, glossy finish to the walls 
and ceiling of a room which no other substance will 
produce. Several years ago a party of Cincinnati 
capitalists invested quite largely in the tale mines of 
Western North Carolina and have since reaped quite 
a neat sum annually from the output. The mining of 
tale is a very inexpensive operation, as it is in its 
erude state so soft that it can be easily loosened from 
the vein with ordinary pickaxes and shovels. 

Its scarcity and usefulness, of course, make it very 
valuable; hence the profit to the mine operators is 
great. More than one car load of crude tale has been 
sold in Cincinnati for $600, 

The best tale found in America, and perhaps in the 
world, is found in mines near Kinsey, Cherokee Coun- 
ty, N.C. These mines are owned by Cincinnati capi- 
talists, and a large portion of their annual output is 
consumed by Cincinnati manufacturers. 

One common use to which tale is put is the manu- 


WATER BOILED BY THE HEAT OF THE HAND. 


facture of infant powders. Tale powder is so ex- 
quisitely soft and fine grained that it softens the skin 
of the reddest, tenderest baby, and, by reason of 
lubricating properties, it prevents chafing or irrita- 
tion of any sort, absorbing all greasy fluids which 


absolutely fireproof renders it the most superior ar- 
ticle which can be used for these purposes. 

In its native mountains tale lies buried in veins 
which vary in extent from an inch wide to the width 
of an early inorning sidewalk. 

It lies in leaves or scales, very much like slate, but 
is very easily sawed or chipped. Although the leaves 
will not bend, they break and crumble very easily. 

During past years hundreds cf car loads of tale have 
been used in Cincinnati by all lines of trades, but few 
people knew of this strange article in its crude form. 
It is so exceedingly soft that it is not gritty even to 
the sensitive test of the human teeth, and as a com- 
plexion powder has no equal. —Cincinnati Times-Star. 


SCIENTIFIC DIVERSIONS. 


Cold Water Made to Boil by the Heat of the Hand.— 
Take a tumbler, fill it three-quarters full of water and 


aperture in order to descend to the bottom of the glass, 
| In a few instants, instead of there being wine beneath 
/and water above the orange peel, the exchange of th 
liquids will have been complete, and it is the cont ~ 
that oceurs. Two quills may be inserted in the aper- 
tures, one extending from the bottom of the class to 
| the bottom of the peel, and the other from the bottom 
of the peel to the level of its rim, but these two tubes 
| are not indispensable. 
| It may be added that in the light the effect of the 
| glass thus prepared is charming, in consequence of its 
| various colorations. 
| The Draughting Teetotum.—A small flat disk tray. 
|ersed in the center by a rod forms the ordinary teeto. 
tum, which a slight modification will convert into ap 
instrument capable of tracing most beautiful de. 
signs. 
In order to obtain this result the disk must be ag 
heavy as possible, and must contain a supplementary 


cover it with a coarse linen handkerchief, turning the 
edges of the latter down all around and allowing its 
center to enter the glass so as to reach the surface of 


the liquid. Apply the left hand firmly to the mouth 


of the tumbler, and invert the latter with the right 


gather in the folds of flesh which predominate in | hand, which will hold it in the air. The edges of the 


chubby darlings, thus preventing prickly heat and 
other baby skin troubles, 


Tale is largely used in Cineinnati foundries for) prevent any accident 


| 


handkerchief are to be held in the right hand, and the 
operation should be performed over a basin, in order to 
Upon removing the left hand it 


foundry facings, being fireproof. Tale powder is in-| will be found not only that not a drop of the liquid falls, 


valuable for this purpose. 


Por the benefit of some it} but also that, through the effect of the pressure of the 


may be well to state that by “foundry facing” is| atmosphere, the handkerchief preserves its concave 


meant the substance used to mould metal in. 


For ex- | form in the interior of the glass, as shown in Fig.1. If, 


ample, when a casting is to be made an impression is | now, the edges of the handkerchief be drawn so as to 


first made in a box of fine sand with a mould “form.” 
This indentation is then filled with tale powder, which 
is again indented with the mould. The result is that 
the last indenture has a lining of fireproof tale, which 
prevents the molten metal from burning the surround- 
ing sand or turning it to glass, and at the same time 
gives the casting a smooth, polished surface. 

Tale is also used by India rubber manufacturers to 
soften their output and to render it pliable and less 
liable to crack. 

French chalk or tailors’ chalk is quite a familiar 
form in which tale appears before the public. It is 
also used in shoe stores to enable vain people to slipon 
a No. 10 foot into a No. 2 shoe. Stove fitters also make 
use of it with great success. 

An analysis of a perfect specimen of tale gives the 
following result : Water. 4°65; silica, 62°50 ; magnesia, 
31°20; iron oxide, 082; alumina, 0°51; calcium, a 


THE DRAUGHTING TEETOTUM. 


trace; and of manganese, a trace. Total, 99°68. 
One use to which the article can be conveniently put 
by housekeepers is in removing grease spots from 
clothing. Take a little pure powder and sprinkle it 
upon the toughest, stickiest sort of a grease spot, put 
a piece of blotting paper over this and a hot iron on 
top of the blotting paper, and the most unsightly grease 
spot that ever spotted a summer suit will come out as 
if it wanted to. 

Previous to the discovery of fire brick, tale was very 
generally used to line furnaces and chimney places 
with. The fire brick is so much less expensive than 
tale that since its discovery tale has been very little 


used for these purposes, although the fact that tale is 


stretch the fabric tightly over the mouth of the glass, 
the liquid will resume its horizontal position, but a 
vacuum will form between it and the bottom of the 
glass, as shown in Fig. 2. 

Now, as the ancients said, nature abhors a vacuum ; 
the external air will rush through the handkerchief 
and the liquid, in the form of bubbles, which will agi- 
tate the water and burst upon its surface in the inte- 
rior of the glass exactly as bubbles of steam do in boil- 
ing water. The operator will feel the shocks given his 
hand by this entrance of air bubbles, and the specta- 
tors will distinctly hear the tumultuous boiling of the 
liquid. This experiment might be presented in an 
amusing manner by announcing that you are capable 
of causing cold water to boil solely through the heat of 
your hand. 

Experiment on the Density of Liquids.—Half of the 
peel of an orange will serve to perform an experiment 


relative to the superposition of different liquids by order 
of density. By means of a quill toothpick form tyo 
apertures alongside of each other in the bottom of the 
peel, and place the latter in a glass convex side down- 
ward. Its diameter should be a little larger than that 
of the glass, so that through its elasticity it may be 
supported against the sides thereof without falling. 
Pour into the orange peel some claret, which will pass 
through the apertures until the level of the wine touches 
the bottom of the peel. Then pour water into the 
glass, so as to almost entirely fill it. A streamlet of 
wine will be immediately seen to ascend through one 
ef the apertures up to the level of the water, while the 


SUPERPOSITION OF LIQUIDS BY ORDER OF DENSITY. 


aperture near its edge. These two conditions may be 
realized by taking one of those leaden disks that dress- 
makers place in the bottom of women’s waists in order 
to weight them. 

Form an aperture in the center of this and pass a piece 

of match through it, which will form the pivot. Form 
two other apertures near the edge and on each side of 
the central one. These apertures may be easily made 
with the point of a knife or scissors. One of the aper- 
tures is simply designed for equilibrium. In the other 
insert a bristle taken from a brush, and keep it in 
place by means of a small piece of match serving as a 
wedge. The point of the bristle should be a little 
longer beneath the disk than the point of the pivot. 
After the length has been properly regulated the wedge 
is driven in, and the instrument is ready to operate. 
Place the bottom of a plate over a smoky lamp or a 
candle, so as to cover it with a fine coat of lampblack, 
and then spin the teetotum in the ordinary way upon 
this inverted plate, which must be held in the hand. 
The bristle, performing the office of a style, will trace 
the most curious curves thereon, representing what is 
ealled lathe work in engraving, and which may be 
varied to infinity according to the manner in which the 
plate is inclined in order to modify the travel of the 
yivot. 
, We shall have, moreover, in addition to the tracing 
of the travel of the apparatus, an exact indication of 
the number of revolutions that it has made. It will 
suffice to count the number of the rings that have been 
traced. 


latter, which is heavier, will pass through the other 


This method of registering a periodical motion is 


THE ENCHANTED SPIRAL. 


often employed in scientific experiments, and particu 
larly in mechanics. 
The Enchanted Spiral.—Make a small spiral with 
very fine iron wire and coat it slightly with oil in order 
to allow it to float upon water. Then, taking up a little 
soapsuds in a tube of straw, allow a drop to fall in the 
center of the spiral, as shown in the engraving. h 
spiral will make several revolutions upon itself in the 
direction shown by the arrow. After its rotary motion 
has ceased, let another drop of soapsuds fall int 
same place, and the spiral will revolve anew. | 
Without entering here into the theory of this pheno 
menon, let us simply say that it is due to the fact t 
by means of a drop of soapsuds, we have modified & 
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foree called superficial tension on the surface of the 


‘Steam Bulloons.—Make a small hole in the end of an 
and remove the contents of the latter by suction. 
With very fine wire form a sort of cage for the egg, poe 
yided with a small ring above and two hooks below. 
Now take a thimble and surround it near its opening 
with a wire, forming on each side a loop that will serve 
to suspend the thimble beneath the eggshell by means 
of the hooks mentioned above. . 
Upon preparing another shell and another thimble 
in the same way, we shall have two steam balloons, 
the shells representing the body of the balloon and the 
thimbles the car. It is now a question of filling each 
shell half fall of water. To this effect, heat the shell 
and plunge it suddenly into a basin of cold water, a 
certain quantity of which will penetrate the interior. 


insert the tines of two oyster forks in a cork into 
ines of which a pin is stuck. Upon placing the 


GRAPE PRESERVES AND JELLY. 


THE ripe grape makes a delicious preserve, an excel- ' 


lent jelly, a good catsup and a particularly nice spiced 
fruit. For the purpose of preserving, the ordinar 
Coneord grape is as as any other. The mus 
flavor of this grape when it is perfectly ripe, a flavor 
which it inherits from its ancestor, the fox grape, ar 
pears in cooking. When the ripe fox grape can be ob- 
tained it makes a good preserve, but it is not a feature 
of the market, as the cultivated Concord grape costs 
in the height of the season only three or four cents a 
|e The middle of September, or even a week 
ater, is early enough to put up grapes. 

Select perfectly ripe but firm fruit, which shows no 
tendency to drop fooen the stem. A grape that is 
wrinkled in the least degree is utterly unfit for use. 
It is somewhat more troublesome to preserve grapes 
than to make them into jelly, because the skin must 


STEAM BALLOONS. 


pin upon acoin sup by the neck of a bottle, the 
system will hold itself in equilibrium and will be capa- 
ble of easily revolving. Attach a wire to the handle of 
each fork and suspend each of the shells therefrom by 
its upper ri Put into the thimbles a little wadding 
saturated with alcohol, suspend them beneath the 
shells, and assure the equilibrium of the system by 
placing a few shot in one or the other thimble. The 
apparatus is now ready to operate. Light the alcohol 
contained in the thimbles, and in afew instants the 
water in the eggs will begin to boil, and steam will be 
seen to flow from each of the apertures. As a conse- 
quence of the reaction of the steam against the air, the 
whole will begin to revolve, slowly at first and then 
with gradually increasing velocity. 

Pendulum Formed of a Wineglass Full of Water.— 
We know that if we fill a claret glass entirely full of 
water and cover it with a sheet of stout paper, so as to 
prevent the introduction of bubbles of air, the paper 
will adhere to the rim of the glass firmly enough, in 
consequence of the pressure of the air, to allow us to 
invert the glass without spilling the contents. The 

wing is an application of this principle: Pass a 


SS 


A PENDULUM FORMED OF 


thread through the center of the 
paper that covers the 

glass and retain it by a knot. Thue close the aperture 
te means of a piece of wax, in order to prevent any en- 
Trance of air. By means of the thread, suspend the 
th from the ceiling through a hook, and you will 

us have a pendulum that may be made to swing 
quite rapidly without the glass falling. 
da . only inay a small glass be thus made to swing all 

¥ long, but the experiment may also be tried with 
Success with a large glass containing water and heavy 
the The operator will do well to grease the edge of 
of Slass with tallow in order to prevent the entrance 
the external air.—Le Chercheur. 


be slip’ off each grape to be used in the preserve 
inst of being strained out with the seeds and thrown 
away, as is done in making jelly. Weigh the grapes 
and then begin by picking the grapes from the stem 
and slipping the skins from the pulp, laying the skins 
in one dish and the pulpin another. Put the pulps in 
a porcelain-lined kettle over the fire, with any juice 
that may have drained from them, and let them boil 
for ten minutes. Then strain the mass through a 
colander fine enough to prevent the seeds from pass- 
ing through. Throw the seeds away and add the skins 
to the strained pulp. Add about three-quarters of a 
pound of sugar to every pound of the fruit previously 
weighed. Let the preserves boil slowly for half an 
hour, or until they are of a consistency almost as 
thick as jam. Then pour the preserve intomarmalade 
jars or small earthen jars, and when it is cold cover 
each jar with brandied and sealitup. The use 
of a paper dipped in brandy and smoothly 
over the preserve is to prevent mould, as well as to in- 
sure the keeping of the preserve otherwise. Grape 
preserves are peculiarly liable to mould, and this pre- 
caution should never be neglected. 


A WINEGLASS OF WATER 


Grape jelly is made by heating the fruit picked from 
the main stem in an earthen jar set in a kettle of boil- 
ing water. Let the water boil around the jar for at 
least half an hour. Then mash the grapes a little 
with a potato masher and strain the juice. To strain 
the grapes (which have a large residue of stones and 
fruit to be strained) put a piece of sheer but stron 
unbleached muslin in a sieve, set over an earthen bow 
and pour the hot grapes through it. The juice will 
easily drip through with little re. Measure out 
the grape wey as usual, and allow a pound of sugar 
to a pint of juice. Put the juice over the fire to 

sugar in the oven to heat. Let the juice boil 


twenty-five minutes and then add the sugar, which 
should have been stirred occasionally to prevent its 
burning. Add the sugar as soon as the juice has boiled 
the requisite time, and let this jelly boil about five 
minutes longer. Then test it. If no old or wrinkled 


grapes are used, there should be no trouble in its form- 


ing. Strain it into bowls, and as soon as it is cold cover 
it closely with brandied papers and seal it up, using 
the white of an egg as a mucilage and rubbing a little 
over the top. This fills up the pores of the paper, and 
is a good thing in sealing up all jellies. It will do no 
harm as an extra ~<_ to tie a layer of cotton 
batting over each bowl. Though this was not formerly 
considered necessary, it is one of the best prevent- 
ives of the entrance of germ life from the outside. 

Spiced reer are pre exactly as are preserved 
grapes before the sugar is added—that is, the skins are 
removed from the pulp, the pulp boiled and the seeds 
strained out. To seven pounds of fruit, weighed out 
before removing the seeds, add half a pint of strong 
vinegar and half a pint of grape juice, obtained from 
ye ey than those to be prepared for spicing. 
Add two ounces of stick cinnamon, one ounce of 
whole cloves and three and one-half pounds of sugar. 
Boil the grapes for at least an hour and a half thor- 
oughly. Then test them, and if they have become a 
solid mass, it is time to turn them into marmalade jars. 
If not, they will require a little longer cooking. his 
is an especially nice preparation to serve with such 
roast meats as mutton or venison. 

A grape catsup is almost as essential a preparation 
as tomato catsup. Boil the grapes without removing 
the skins, mashing them a little to extract the juice. 
Let them boil for ten minutes. nm strain them 
—— a colander coarse enough to retain the seeds 
as wellas the skins. Add to the _ of ten pounds 
of the grapes one pint of vinegar, one tablespoonful of 
cloves, two of ground allspice and two of cinnamon, 
and a scant half-teaspoonfal of the best Cayenne 
pepper. Let this mixture boil down until it begins to 

row thick. It will take an hour and a half or two 
10urs. When it has thickened well, bottle it and seal 
it up.—W. Tribune. 


EXPRESS ROBBERIES AND THEIR 
PREVENTION. 


A RECENT article in the Railroad Gazette on ‘‘ Train 
Robbing and Train Wrecking” furnishes certain statis- 
tics which lead to the one conclusion: there is a sub- 
stantial increase in these operations. 

It is a common thing for people to dwell over statis- 
tics, and from them gather information leading to the 
development of certain theories of why and wherefore. 
The great fault of such theories generally is that they 
work upon things already accomplished, and, as faets, 
may be considered disposed of. 

rom statistics one announces that these crimes have 
happened during certain months and would, therefore, 
say that those are the times to sleep with open eyes. 

Another develops the fact that certain places are on 
record as the locations where one class of crime has 
generally been committed, and would make such 
places a sort of depot for police, ete. 

Does it ever occur to us that criminals are wonder- 
fully smart, and, so far as carrying out their plans, 
have a record of almost unlimited success? This is 
not surprising, because their plans for robbing or per- 
petrating other crimes are consummated and escape 
wholly or partially effected before the police or detec- 
tives begin to formulate plans of apprehension. Such 
is the history of the world from the beginning to the 
present day, and an inestimable sum of money is an- 
nually expended in tracing criminals who are never 
—— ae and hunting for money which is never recov- 


There are many suggestions as to what is efficacious 
in preventing train robberies, such as making it a cap- 
ital crime, offering large rewards, increasing number of 
guards, using sheet-iron cars, calling on Congress, etc. 

The robbers should certainly be prosecuted with the 
full vigor of the law, but as to the other suggestions : 
Inereasing the number of guards has never yet been 
an adequate remedy ; sheet-iron cars, etc., are imprac- 
tical absurdities ; suppose Congress should legislate, 
the result would be about as effective as it is in the 
ease of post offices, the successful robbery of which isa 
weekly occurrence. The time has now come to remove 
the o ——— and means to commit crime as far as 
panei e by placing potent barriers to its commitment. 

It is surprisingly true that a policy of so-called 
cheapness exists so strongly at this advanced age that 
it osually invites crime. This mey seem questionable, 
but its proof lies in the fact that when crimes have 
been committed, steps are taken to apprehend the 
criminals, and, if they are caught, to punish them. If 
the criminals are not apprehended, or even if they are, 
the matter usually drops. Nothing practically success- 
ful has ever been done to prevent an exact recurrence 
of the crime. 

Express robbers are here to be considered. History 
shows that they are extremely capable in their u- 
liar undertakings, but owing to the fact that nothing 
of any importance has ever been done to throw sub- 
stantial barriers in their way, they proceed with a dar- 
ing boldness that makes the reduction of their acts to 
a science unnecessary for the present. 

Trains can be heldfup, safes blown open and money 
stolen to-day just as easily as they could fifty years 


ago. 

When it is discovered that a so-called principle is 
altogether wrong, because the application of it is con- 
tinuously leading to erroneous and disastrous results, 
that principle must be wiped out of existence. 

Now this is precisely the status of the express com- 
pane of this country to-day. The principle adopted 
»y them in guarding moneys in transit is wrong, and 
the errors they have endeavored to correct by a so- 
called inexpensive policy. In reality, it is a very dear 
one 

Ten million dollars will not cover the losses of the 
express companies of this country alone from train 
robberies during a period of less than twenty-five 
years, or since 1870. 

The average of attempts at train robberies is more 
than one a month, and during the first six months of 
the present year, this average reached the excessive 
figure of four or one a week. 


boil 


The modus operandi of the robbers is very similar in 
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The Churras et 


facts can easily be seen: On the night of September! as the Abyssinian cavalrymen. 


11, 1898, the engineer of the Lake Shore and Michigan 
Scuthern east-bound train, when approaching Kess- 
ler, Indiana, noticed the switch light A 

immediately brought the train to a fall stop. 
ly men appeared from the darkness and, leaping on | 
the eab, leveled guns at his and the fireman's heads, | 
and ordered ** Hands up!” jThe fireman wisely obeyed. 
The engineer showed some signs of resistance, and was 
shot and severely wounded. Meanwhile, other rob- 
bers approached the express car and blew the door 
open with dynamite. Entering the car and covering 
the messengers, they ordered them to open the! 
“through safe,” which they could not do. he rob- 
bers then proceeded to blow the safe open, accom- 
plished their task in less than an hour's time, abstracted 
the contents, amounting, it is claimed, to $250,000, and 
fled, leaving the train to proceed on its way. They 
have not been caught. Under the influence of dyna- 
mite, the whole train crew were so paralyzed by fear 
that they huddled in corners like sheep, and were pow- 
erless to make the slightest resistance. 

These are the main facts, and are but the repetition 
of hundreds of previous cases. 

Was there anything on the side of the express com- | 
pany ortrain hands which proved of the slightest value | 
asa check or barrier to the progress of the robbers’ 
work from beginning toend? Not one. 

Is there anything on any other train that will check 
or bar the progress of the train robber? No. 

Then it is perfectly my to say that such an ope- 
ration can be performed any night in the year, at any | 
place and with precisely similar results. 

But, some one says, They don’t take place that way. | 

Because a man does not swim, it does not follow 
that he cannot; and, when he has the opportunities at 
hand, it is reasonable to suppose that he can. At any 
rate, he can learn. 

Many men, unknown to each other, are working out 
the same problem. Some arrive at the solution first, 
and announce their results by a practical demonstra- 
tion, hence completing the work for others. Hundreds 
or even thousands of men, it is safe to assume, were 
working out the problem of how to successfully rob a 
train. Whether they had completed their work or not 
is immaterial, since the demonstration by the robbers 
at Kessler, Indiana, has completed it for them. They 
are now thoroughly edueated, and nothing but a favor- 
able opportunity is wanting. 

Train robbers know that they can hold up a train 
easily at any time. Aided by darkness and that most 
potent weapon, dynamite, they can obtain complete 
control of the express car and the whole train, render- 
ing absolutely useless any number of Winchesters, and 
huddling in corners, like so many sheep, express mes- 
sengers, guards and train crew. hey have also learn- 
ed what proves to them the most important facts of 
all. Every ‘“‘through safe” on the different express 
companies is built on precisely the same principle, 
and can be blown open in less than one hour’s time. 
The “through safe” on the express car at Kessler, In- 
diana, was built by the firm of Herring & Company, 
of New York, now the Herring-Hall-Marvin Company, 
the largest safe manufacturing concern in the country. 
It was only two years old and guaranteed by the ma- 
kers to be drill and burglar proof for twelve hours. 
This safe was opened by the robbers in one half hour's 
time, and therefore at one fell blow they have proved 
every safe now carried by the different express compa- 
nies throughout this country and the world to be abso- 
lutely worthless as regards security for the millions of | 
dollars carried daily. 

Theorize and propose as much as they and others | 
will, the point to which the express companies must 
come is to procure a receptacle which the robbers can- 
not open, and until they do, express robberies will be 
consummated with success, 

Shot guns will not solye the problem, capital punish- | 
ment will be no preventive, iron cars are absurd, and 
Congress is no ultimatum, B. Y. 


THE PREHENSILE FUNCTION OF THE | 
FOOT. 


For us Europeans who have been accustomed 
from childhood to inclose our feet in shoes, these 
members have no other function than that of sup- 
porting us in walking. The monkey, on the con- 
trary, is capable of seizing objects with its foot and 
the great opposable toe. Herein, we think, is the 
great difference between the simian and human 
species, The Darwinians have for a long time en- 
deavored to ascertain how such a transformation 
could have been effected. Haeckel has discussed with 
much ability the means through which man has be- 
come a biped. Darwin, in the ‘* Deseent of Man,” 
admits that in order to assume the attitude of the 
biped the foot had to lose all aptitude for prehension. 
He recalls, moreover, that among savages the foot 
has not entirely lost its prehensile power, as is proved 
by their manner of climbing trees and making use 
of it in different ways. In reality, this faculty of 
prehension is certainly very frequent among savages | 
and even among half civilized people. | 

Our first engraving, from a photograph (Fig. 1), 
shows how the sacrificer pulls off the head of the 
hen by clasping it with the first and seeond toes, 
This photograph was taken from one of the Daho- 
mans exhibited at the Champ de Mars, who consented 
to make the experiment at our request. The Arabs 
frequently make use of their feet in their work. 
Theophile Gautier tells us that he has seen people in 
the market place making lacework, braids and edging 
with their feet, } 

op the Nile, the Barabras ascend to the main- | 
yarc 


tains the sail. In Abyssinia, says George Pouchet, the | 


Chinese 


jearry it to her right hand without stop 


The Guyacuras throw a_ stone with the hand or| the thigh and instep, and which permits the 
Emile | to sit squat and raise his feet to a sufficient 
rowing red, and | Deville, are capable of stealing small objects with| But the chief difference between a foot 
Instant- | their feet and immediately bury them in the sand with | seizing an object and another that sery 


foot indifferently. The Curajas, says Mr. 


the big toe. 


Among the Annamites, this prehensile role of the ' sesses of separating from its neighbor and of a 


foot is excessively developed, and to such a point that 
eall them giaochi, or “forked toes.” 
Morice has seen an Annamite boatman cease to hold 
the tiller with the hand and direct it very correctly 
with the foot while he rolled a cigarette. 

In a voyage to the Indies, 1 have been able to ob- 
serve the preponderant role that the foot plays in 


Fie. L—DAHOMAN PULLING OFF ,THE 
HEAD OF A HEN. 


T RICH 


various industries. The wood turner as shown by 
Mr. Hamy in his report upon the Indian Exposition, 
of London, holds between two toes the instrument 
that his hand directs (Pig. 2). The carpenter does 
not use a bench hook for keeping his board in place, 
but holds it by means of his big toe. The shoemaker 
in order to sew his shoes has no need of an immovable 
last. The shoe is held by the two feet, which make 
it change positions according to requirements. 

In order to make a wooden comb, the Hindoo clasps 
the material vertically between the two feet. With 
one hand he marks the teeth and with the other he 
makes the kerf with an instrument, I could not finish 
detailing this constant, universal role of the foot. So 
in order to terminate these numerous examples, I shall 
recall only the following: The butcher who, in order 
to out his meat into small pieces, holds his knife, edge 


| downward, between the first and second toes and cuts 
| the piece in drawing it upward ; the girl who goes to 


the fountain with a pitcher on her head, and who, if 
she sees a small object glittering on the ground, will, 
no matter how minute it be, seize it with her foot and 

ping on her 
way or compromising the stability of the burden that 
surmounts her head: and the child who, in order to 
climb a tree, seizes the branches between the first and 


| second toes, 


For the rest, it is not necessary to go so far to find 
amples of prehensile feet. 

We often see subjects in Europe who put themselves 
on exhibition and perform ineredible tricks with their 
feet. They are generally ectromeles, that is to say, 
persons born without upper limbs. They use their 
feet as if they were hands for eating, drinking, firing 


ex 
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nuploy the stirrup in the same manner | Such 
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function is rendered possible, thanks to the laxit 
of the articulations of the lower limbs, particularly 

subject 
height, 
capable of 
es only 
| walking resides in the faculty that the big toe a... 
proach. 
ing it so as to squeeze with force. A person pet 
prehensile foot is thus easily able to squeeze and even 
pinch the hand of an observer. 
| With the faculty of prehension are connected various 
| anatomical peculiarities, such as the space at the base 
| of the toes, between the first and second ones, and the 
habitual spacing of the big toe. But the big toe is 


Fie. 2.—BENGALESE 'TURNER 


never opposable to the other toes. We shall examine 
these different points in succession. 

1. The Space at the Base of the Toes, between the 
First and Second Ones.—This is such that these two 
toes seem to operate like true pincers, 

In an Indian observed by me the truly enormous dis- 
tance of 16 millimeters existed between these two toes, 
It is ordinarily not great, but we frequently find inthe 
Hindoos an interval of from 6 to 11 millimeters, so that 
if the big toe touches the second a space exists bet ween 
the two at the base. Such space is observed in all 
peoples with prehensile feet, notably in the Dahomans 
of the Champ de Mars. But it is not constant in a 
race; we observe therein all sorts of cases, from the 
widely separated big toe to the big toe very close to 
the second one. 

For the rest it is not necessary to go so far to observe 
this arrangement. Vernois has pointed out as charae- 
teristic the form affected by the foot of the resin mak- 
ers of the Landes. He had noted a considerable space 
between the big toe and its neighbor, due, he thought, 
to the position of the foot upon the scaffo!ding that 
serves them for ascending and fixing themselves upon 
the fir trees in the operation of boxing. Among us, 
whose big toe is compressed by the shoe, this arrange- 
ment is shown only exceptionally. | have nevertheless 
observed a few examples of it. 

It is due to such spacing that the Hindoos are capa- 
ble of making use of a special sandal—a simple piece of 
wood cut in the form of the foot and held by a peg 
placed between the first and second toe. The museum 
of Cluny exhibits some curious specimens that we re- 

roduce in Figs. 3and4. These sandals are surmounted 
y an ivory button having the aspect of a lotus flower, 


Fie. SANDAL. 


a gun, handling ecards, writing, and playing several 
kinds of musical instruments, 

It has been recalled several times that the artist 
Ducarnet, who had no arms and whose feet were pro- 
vided with but four toes, painted by holding the brush 
between the two middle toes. 

I once presented to the Society of Anthropology a 


by seizing with their big toe the rape that sus-| man whose arms had been congenitally atrophied by | the sandals of the ancient Greeks. 


infantile paralysia, Up to the age of twenty years, he 


Fie. 4—HINDOO SANDAL. 


one having four lobes and the other six. These lobes 
ee under the pressure of the foot and thus forw a 
catch, 

It would be impossible for a European to wear such 
foot gear. It must not be confounded with the sandal 
used in China, Japan and Birmany, whieh is held by 
| two leashes applied to the back of the foot, It recalls 
It is for the pur- 
pose of putting on this sandal that the Japanese wear 


entire cavalry makes use of the stirrup by seiging the | had supplied the absence of arms by his mouth, and | stockings in which the big toe is separated from the 


strap between the toes, 
in New Guinea the aborigines, in order to climb a 
steep mountain 
security : almost as dexterous with the feet as with | 


| 


fill the position of a registrar, It was then only that 


side, proceed with slowness and | he practiced with his feet in order to exhibit himself | tion of the big toe, 


as a phenomenon, and, at the end of three years, 


Mr, D’Albertis tells us that | had succeeded in writing in that way well enough to| others. The Catalans and the Aragonese make use 


| also of espadrilles that have a pocket for the recep 
These foot gear differ from the 


| sandals of the Hindoos in that they are held by leashes 


the hands, they catch on by the big toe now to a root | despite a club foot that necessitated an orthopedic | applied upon the dorsal face or to the instep, while the 


and now to a projecting rock, In Senegal, the 
weavers employ the big toe In the work of their trade. 
In Yueatan the Indians pick up coins with the foot, 
and grasp stones and throw them in the same way. 


shoe, he had succeeded in executing a certain number 
of acts with his lower limbs, and even in playing bil- 
liards. This is perhaps the only example of a pre- 
henusile function of the foot acquired at an adult age. 


indoo sandals are held against the sole of the foot 
by means of the peg clasped by the two first toes forte 
ing pincers, 

2. Habitual Spacing of the Big Toe.—Another af 


| 


— 
every case, and from the following account, the main | 
| 
| | 


rious 
base 
1 the 
oe is 
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ement that appears to result from the prehensile 
— is the spacing of the big toe, so that the toes 
spread out in the form of a fan and the extremity of 
the foot is much wider than the base. 

Mever, of Zurich, believed that this arrangement was 
common to every person who did not wear shoes. 
With the naked-footed, he claims, the big toe con- 
tinues the direction ofthe internal edge of the foot, 
while, when shoes are worn, the big toe is foreed out- 
ward. So he recommended a special form of shoe 
termed “rational,” but, in reality, ugly and incon- 
venient, the internal edge of which was prolonged in a 
straight line to the extremity of the shoe, which it in- 
tersected at right angles. In Germany, Pestel and 
Starch wrote voluminous works recommending the 

1e form, 
ie. Manouvrier also has admitted this very exact 
jarallelism of the internal edge of the foot and of the 
big toe among shoeless peoples. mer 

In reality, there is nothing in this. An examination 
of the Hindoos and Dahomans, who walk naked 
footed, proves that, among them, all positions of the 
big toe may be observed. In some it is widely 
separated, in others it is parallel with the internal edge, 
and in namerous others it turns outward and is ap- 
plied against the second toe, The habitual spacing of 
the big toe appears to us to be related to its function 
of poonenaliae In one who uses his feet only for 
walking. the big toe has the advantage of approaching 
the second one so as not to interlock and come into 
contact with obstacles. 

Mever’s foot gear is therefore defective, and we must 
regard as proper a slight curve of the internal edge of 
the shoe seated in the terminal portion that is contigu- 
ous to the big toe. But, again, as often happens, this 
eurve must not be too pronounced. 

3. Non-opposibility of the Big Toe.—Finally, it must 
be remarked that, contrary to what is found in the 
monkeys, there never oceurs any motion of opposi- 
tion between the big and second toes. This. fact has 
been pointed out by Sir Richard Wallace. This is so 
much the more important in that Wyman has found 
in an embryo about an inch in length a big toe form- 
ing an angle with the other toes, and the oblique ar- 
rangement of which corresponded to the permanent 
state of the big toes in the monkeys. This arrange- 
ment is but transitory. 

iu the child, which possesses so great a mobility of 
the lower limbs, and, as Marey remarks, which con- 
stantly plays with its feet to carry them to its mouth, 
we never observe any movement of opposition. 

Man, therefore, has only ay eee and not like 
the monkeys a hand-foot. his fact is but a conse- 
quence of the law of adaptation of the organ to the 
function. The monkey walks but little, and poorly 
andrarely, In walking, it contents itself to bear upon 
the external edge of the feet. But, walking becoming 
habitual, it became necessary for man to take a solid 
bearing point, and, for this, to rest his foot upon the 
first metatarsal. It was therefore necessary that the 
latter should firmly unite with the second metatarsal, 
and this caused the disappearance of all movement of 
opposition.— Dr. F. Reynault, in La Nature. 


THE HEAT OF COMBUSTION OF COAL GAS 
IN RELATION TO ITS ILLUMINATING 
POWER.* 


THE increasing application of coal gas for heating, 


motive power, and more especially for incandescent | 
lighting, has drawn attention to the little-studied sub- | 


ject of its heat of combustion. From analytical data, 


MM. Aime Witz, Mahler, and Bueb have — 


(on a scarcely legitimate basis) the heat of combustion 
as being 5,250, 5,600, and 5,115 calories per cubic meter, 
under normal conditions of temperature and pressure. 
It must be quite evident the heat of combustion will 
vary with the richness of the gas; and the present in- 
vestigation was undertaken to ascertain the relation 
between the heat of combustion and the illuminating 
power of coal gas as ordinarily employed, 

The gas for examination was prepared in an experi- 
mental apparatus—the rich kind being either produced 
from cannel coal or being the early product of the dis- 
tillation of ordinary coal; the poor being the later pro- 
duct of the same process. No common gas or air 
enriched by hydrocarbons was used in the experi- 
ments. The illuminating power was ascertained by 
a Dumas and Regnault photometer from the num- 
ber of liters of gas required to be consumed to| 
give a light equal to one carcel hour, or by testing the! 
gas burning at the rate of 100 liters per hour (instead 
of 141 liters per hour according to the English custom), 
against the decimally graduated candles adopted by 
the * {nternational Congress of 1889,” of which 9°6 are 
£quivaient toaearcel. The heat of combustion was 
determined by the Mahler bomb, which was selected 
for the following reasons: The calorimetric bomb, as 
used by M. Aime Witz in his experiments, allowed only 
& very sinall volume of gas to be operated upon, on ac- 
“ount of the large quantity of air admitted to form an 
éxplosive mixture; and slight differences in tempera- 
tare greatly affected the resylt. <A large volume of 
as was employed by M. Bueb; but his results were 
Vitiated by all the errors inherent in a continuous 
method, M. Mahler’s modification of Berthelot and 
Vielle’s calorimetrie bomb is more serviceable, It is 
au ordinary calorimeter with helieoidal agitator and 
44 iron or soft steel cylinder, in which the explo- 
sion js carried out, provided with an iron wire, which 
is heated by the passage of an electric current, in order 
toignite the gaseous mixture. The capacity of the 
eylinder is 573 cubie centimeters; and this volume is 
Operated on, as the oxygen for the eombustion is foreed 
iD, to a pressure of 5 atmospheres, from a cylinder of 
compressed oxygen, The thermometers have suffivient- 

Y Open scales to permit a reading to 1-50 of a de- 
sree with the naked eye, An experiment can be car- 
red out in about 20 minutes. 

With this apparatus gas of 100 different qualities 
Was tested. and the heat of combustion of a cubic 
meter of dry gas caleulated—the yapor of water being 
considered as condensed. These experimental results 
+ id plotted out graphieally; the heats of combustion as 

he ordinates, and the iuminating power in decimally 


* Abstract tranelation made bi ‘ 
. of Geo Lightngl 
of 


Pages MP. Aguitton at the last meeting of the Society 


graduated candles as the abscisse. On uniting the 

»ints, the curve is found to be practically a straight 
ine represented by the equation C = |  852°6 + 2,280, 
where C is the heat of combustion of a cubic meter of 
gas and I is the illuminating power in decimally 

raduated candles. If the illuminating power is stated 
in English standard candles, I must divided by 
1°41 in the above formula. From this formula the au- 
thor compiled the table given in the article by Mr. 
Thwaite already all@ded to. It shows that a cubic 
meter of gas of a photometric value of 9°14 candles under 
normal conditions, and the vapor produced by com- 
bustion condensed, has, at constant volume, a calorific 
power of 5,508 calories. From 4,043 calories given 
out by gas of 5 decimally graduated candles to 7,569 
calories from 15 candle gas is a variation of about 3,500 
calories for a difference of 10 candles. It will be clear 
how great an error is committed if 5,500 calories are 
taken as the heat of combustion of any gas what- 
soever. It will be further seen that this heat is closel 
related to the illuminating A of a gas, whic 
confirms the conclusion of M. Sainte-Claire Deville 
that in coal gasthe proportion of hydrogen and 
methane varies very little; that the benzene vapor 
is constant; but that the hydrocarbons condensed at 
— 70° C. (such as ethylene, propylene and acetylene) 
varv in amount and determine the illuminating power. 
If the proportion of hydrogen to methane is variable, 
the illuminating power is unaltered; but, owing to the 
heat of combustion of methane being greater than 
that of hydrogen, the calorific power may be great- 
ly affected. It is proved, however, that the ca- 
lorifie value of coal gas is of the same order as the iilu- 
minating power; and, if known exactly, it forms at 
least as good a criterion of the latter as deterininations 
with candles of doubtfully constant light-giving power. 
Gas is at present employed partly for lighting and 
partly for heating purposes, but a time may come when 
it will be used almost exclusively in virtue of its heat 
of combustion. Under the circumstances, it is rea- 
sonable to inquire why an inexact system of photome- 
try is retained in place of one which shows, in addition 
to illuminating power, the value of the gas for heating 
and motive purposes. 

The next subject for consideration is the influence 
of the heat of combustion of coal gas on the lighting 
effect of the Welsbach burner. A second series of ex- 
periments was carried out with gas of different quali- 
ties, the heat of combustion being in each case ascer- 
tained by means of the Mahler calorimeter, and the 
light produced by consumption with a Welsbach 
burner by means of a Foucault photometer. The fol- 
lowing table shows the results of the investigation : 
Lighting Power in 
Decimally Graduated 

Candles from 


Number of Calories 


Heat of Combustion 
for a Photometric 


of the Gas. 


Calories. 100 Liters of Gas. Value of 10 Candles. 
87°6 
5, 068 101°1 
2,175 (impure H).. 16°41.. 132°5 


It will be seen that the photometric value of the gas 
rises with its heat of combustion. On plotting out 
graphically, the curve representing the increase of 
lighting value for increase of heating power rises reg- 
ulariy from 4,800 to 5,900 calories; but after that it does 
not go farther with increasing heat of combustion. 
This shows that the burner requires modification, 
either by making provision for the admission of more 
air, or by better mingling of the gas and air, for the 
economical consumption of rich gas. For poor gases, 
the curve becomes nearly a horizontal line, All the 
experiments were made with a No, 2 burner, proyided 
with a regulated air supply. A comparison of the 
above table with the one already given shows that, 
for gas of the same heating power, the Welsbach 
burner has a photometric value about seven times 
— of the Bengel burner with the same consumption 
oT gas. 

By dividing the number of calories obtained from 
100 liters of gas by the illuminating power, there is 
found the duty of the burner—that is to say, the num- 
ber of calories required to give a photometric value of 
10 candles. This is not constant, and, on laying out 
graphically, the curve is found to pass through a min- 
imum of 83 calories, corresponding to a combustion of 
5,800 calories, or a gas of 95 liters value by the Dumas 
and Regnault photometer. This interesting result in- 
dicates that, assuming equality of price per calorie, 
gas of medium quality gives the maximum economy 
in the Welsbach burner. This minimum of 8°3 calo- 
ries per candle approaches the efficiency of the incan- 
descent electric light—one calorie corresponding to 
9°6 watts per candle; while an incandescent electric 
lamp giving 16 candles at 100 volts for a current of 0°5 
ampere requires 3% watts per candle. The Bengel 
burner gives a yield corresponding to 68 watts per 
candle, which shows how much more nearly the Wels- 
bach burner approaches the electric light in duty. 

There is one more point yet to be cleared up. An 
expert chemist recently stated that the light tateneity 
of the Welsbach burner was independent of the quality 
of the gas consumed. This he demonstrated by using 
a certain gas, and then burning some of the same gas 
after the remoyal] of its hydrocarbons by passing it 
over coke impregnated with colza oil. The illuminat- 
ing power was said to be the same, hence he con- 
cluded that, in the incandescent system, poor gas gave 
the same lighting effect as rich, He even stated that, 
as the proportion of illuminating hydrocarbon was 
small, the calorific value of the gas should nat be ap- 
preciably altered, This hypothesis has been proyed 
above to be false; but the experiments have been re- 
peated, with the addition of the determination of 
_— ealorifie value of the gas, The resylts are aa fol- 
ows: 

Cas as 
Manufactured. 
Photometric value by the Dumas and 
Regnault apparatus.... ........ 107°9 liters. 148 liters. 
Light intensity of 100 |iters in the 
Welsbach burner.... ..., .,,,,.- carcels, 5°54 carcels. 
Heat of combustion of the gas... . 5.355 calories. 5,200 calories. 


It is clear that the heat of combustion corresponds 


closely with the intensity of light in the Welsbach 
burner, but that it does not aecord with the ordinary 
photometric value; and consequently the law just 
enunciated on the correspondence of the heat of com- 
bustion with the illuminating power of a gas appears 
inexact. The matter admits of easy explanation. In 
its passage through the colza oil the gas loses its hy- 
drocarbons, but at the same time carries over mechani- 
cally some of the oil. The mixture is not sufficiently 
intimate for the traces of oil to be consumed in the 
Bengel burner, and the light uced is simply that 
of decarbureted gas. But in the Welsbach burner, the 
colza oil, though not gasified, is arrested by the earthy 
film, and burns, thus producing the same effect as an 
enriched gas. Similarly, the heat of combustion is 
that of the gas plus the oil sprayed over by it. The 
correctness of this explanation was proved by passing 
a quantity of the decarbureted gas through cotton wool, 
which retained some of the oil carried over, as was 
demonstrated by its recovery by extraction with car- 
bon bisulphide. 

In addition to its usefulness for ascertaining the 
quality of gas, the Mahler caiorimeter has certain other 
applications in gas works. Instead of analyzing heat- 
ing gases by means of the Bunte burette, and caleu- 
lating their calorific power, the result may be attained 
more easily by the calorimeter. Thus, taking two 
samples of gas, an analysis with the Bunte burette 
gave the following results : 


No. 1. No. 2. 
Carbonie acid............ 84 60 
Carbonie oxide........ .. 2700, 
Hydrogen........ .. 241 624 


The heat of combustion, calculated according to Du- 
long’s law, is 739 calories for sample No, 1, and 1,014 
calories for sample No. 2. Rapid experiments with 
the Mabler bomb gave 730 and 1,081 calories respec- 
tively. This instrument also serves for chemical in- 
vestigations, such as for the determination of the sul- 
phur in coal, coke, or even gas. It therefore opens 
out a new and extensive field for research in connec- 
tion with the gas industry. 


FLAME. 


At the recent meetings of the British Association, 
a lecture was delivered in the Albert Hall, Notting- 
ham, by Professor Smithells, of Leeds; the subject 
selected by him being ** Flame.” rs 

The lecturer began by saying that the first accurate 
knowledge of the nature of flame seemed to have been 
gained about the beginning of the seventeenth cen- 
tury. After alluding to the nystery which in ancient 
times had surrounded the subject, he remarked that 
the recognition of flame as being essentially burning 

as was due to Van Helmont, who lived about 1600. 

ooke, half a century later, gave a more complete ac- 
count of flame, and especially of the part played by 
the air in promoting combustion. The exact chemical 
nature of the process was only arrived at by Lavoisier 
at the end of last century. The next important step 
in the history of the subject brought us to the memor- 
able researches of Humphry Davy. He recognized 
the connection between flaine and explosion—a re- 
lationship which the lecturer illustrated by experi- 
ments, and which showed that flame might be re- 
garded as a “tethered” and continuous gaseous ex- 
plosion. 

Dealing next with the Bunsen burner, Professor 
Smithells showed that the feebly luminous flame pro- 
duced by it was, in reality, separable into two parts. 
Using a Bunsen burner with a long glass tube, instead 
of a short metal one, he demonstrated that, by in- 
creasing the amount of air added to the gas before 
combustion, the inner cone of the flame separated 
from the outer one, and descended the glass tube. 
All the air entering the tube was used in the first 
flame ; and the excess of gas formed a second flame on 
reaching the free air at the top of the tube. By care- 
| ful adjustment, the movable cone of flame was made 
to take up any desired position, He then showed that 
the two parts of the flame could be fixed apart from 
one another by slightly constricting the glass tube at 
one point ; also that, when the inner cone was about 
to descend into the tube, it could be brought down by 
thrusting a glass rod vertically up the tube till it 
touched the cone. On pulling down the rod, the cone 
became inverted, and then followed the rod. A more 
convenient appliance was found in two tubes of difler- 
ent diameter—one sliding within the other, By means 
of this, the inner cone was obtained on the inner tube, 
and the outer cone on the outer tube; and the flame 
could be dissected or reconstructed at will. The inner 
cone was proved to be much hotter than the outer 
cone. When the fine dust of a salt of copper was in- 
troduced into the gas, it was seen that the green color- 
ation was confined to the outer cone, and depended on 
the existence of the oxide of copper, which was im- 
possible in the inner cone. 

Proceeding to consider in detail the structure of 
flame, the lecturer showed that the simplest flame— 
such as that of hydrogen or carbon monoxide—con- 
sists of a single hollow cone of flame. Whether the 
light of the flame was due to the mere degree of heat 
of the gases or to something in the nature of atomic 
electrical discharge, was, the said, a moot point on 
which we should probably learn more before long, 
Dealing next with a gas which might burn in two 
chemical steps, Professor Smithells showed that, in 
the flame of cyanogen, the red inner part was due 
mainly to the formation of carbon monoxide, and the 
outer one to this carbon monoxide burning to form 
carbon dioxide. This was proved by the use of the 
flame-dissecting apparatus. Proceeding to ordinary 
flames produced by hydrocarbons, or mixtures of hy- 
drocarbons, he demonstrated the existence of three 
distinet parts, ajl of which were thin sheaths—first, a 
bright blue part, visible at the base of the flame; 
secondly, the bright yellow part; and, thirdly, a 
faintly luminous lilac mantle investing the whole 
flame, The deyelopment of these parts of flames was 
shown by means of a series of Jantern slides made from 
actual photographs. [na very small flame the bine 
and lilae ts were seen as complete cones; in @ 
somewhat larger flame, the blue cone was interrupted 
by the appearance of a yellow patch ; and as the flame 


was enlarged this patch rapidly overshadowed the 
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other parts, both by its brilliancy and extent. It was 
next shown that the blue and lilac parts of the or- 
dinary luminous flame correspond to the two cones of 
flame produced by a Bunsen burner, The chemical 
changes taking place in these two cones were next dis- 
cussed ; and it was demonstrated that, when the gas is 
starved of oxygen, it is the hydrogen and not the car- 
bon that is left unburned. The products from the in- 
ner cone of a Bunsen flame, or the blue cone of an or- 
dinary luminous flame, contain free hydrogen and car- 
bon monoxide; and these gases pass on to burn in the 
outer cone of the Bunsen flame, or the lilac mantle of 
an ordinary flame. 

The production of the luminous yellow part of flames 
was next discussed ; and Davy’s experiments with wire 

auze, which led him to the conclusion that the 
uminosity was due to the separation of solid carbon, 
were repeated. After referring to Dr. E. Frankland’s 
experiments on the luminosity of flame, the lecturer 
sald that Davy’s theory still held its ground, though 
he believed Dr. Frankland had not yet said his last 
word, Alluding to the mode in which the carbon is 
se ted in flames, the lecturer said that Davy had 
often been supposed to imply that the separation was 
due to a deficiency of oxygen in the middle of the 
flame, which led to the competition between the hy- 
drogen and the carbon—the former having the ad- 
vantage. This was not justified by Davy’s words; 
and, at any rate, it was opposed to established 
facts. The cause of the separation of the carbon was 
to be sought in the intense heat produced by the com- 
bustion in the blue and lilae parts of the flame. The 
hydrocarbons within, being thus roasted, deposited 
carbon just as they did when they were passed through 
hot tubes. The theory of luminous flames advocated 
by the lecturer was epitomized in an experiment with 
benzene vapor burnt in the flame-dissecting apparatus. 
The benzene could be burnt in a single cone of pale 
flame if much air were previously mixed with it, and 
in two cones if rather less air were added. If still less 
air were added, carbon separation began in the center 
of the flame, even while the cones were still separated. 

In conclusion, Professor Smithells said that in past 
ages the earth had in all probability been the scene of 
flames of colossal proportions. It was known to be a 
cooling body, and also an oxidized body. At one time 
it must have been too hot for the oceans to have ex- 
isted in a liquid state; and at a still more remote 
period, all the waters of the earth probably existed as 
an enormous gaseous envelope of uncombined hydro- 
gen and oxygen. It was a chemical necessity to im- 
agine an intervening time at which this hydrogen and 
oxygen would begin to combine. In this way it was 
not improbable that huge cosmical flames would rend 
the atmosphere. The steam formed, descending to 
the hotter strata of this pregeologic atmosphere, would 
be dissociated and sent forth again. In like manner 
many other oxidized compounds now constituting the 
outer crust of the earth would at one time be existing 
as uncombined gaseous elements in the atmosphere. 
For untold years, when the earth was still a glowing 
ball, it must have had a vast atmosphere, which was, 
in all probability, the seene of incessant celestial pyro- 
techny. It was startling to think how much the earth 
at that time must have resembled the sun, as the solar 
»hysicists know it at the present time. It was rash to 
lint at such a thing, but, if oxygen could be found in 
anything like abundance round the sun, there might 
be some cause to imagine that it not only looked like 
the fiery earth of bygone days, but had much in com- 
mon with its chemical history. The chemical theory 
of the sun’s heat had long since been disproved, and 
ordinary laboratory chemistry banished it from that 
luminary as altogether unsuited to its temperature. 
But one might be excused for expressing surprise, in 
view of the unity of plan in which heavenly bodies 
“move and have their being,” that the sun should 
not exhibit the possession of a fair share of oxygen— 
the element which had ruled the earth’s chemistry 
throughout all geological times and long precedent 
ages of its evolution. 


TESTS FOR CARBONIC OXIDE IN AIR. 


VARIOUS reagents have been proposed as indicators 
of the presence of carbonic oxide in the contaminated 
air of a room, such as may be due to the imperfect 
combustion of gas or the use of a closed heating stove, 
ete. Haberman has demonstrated that cuprous 
chloride constitutes an excellent medivm for the 
quantitative determination of carbonic oxide in air; | 
and he bas designed a form of apparatus for using it | 
for the purpose. Chloride of palladium has also been 
recently indicated as an excellent reagent for the same 
object. If shaken up with air containing carbonic 


oxide, the latter gas reduces the palladium salt ; and | 


the result is a dark brown precipitate. The last sug- 

gestion to the same effect is to use ammoniacal nitrate 
of silver, which is very simply prepared by adding am- 

monia to a solution of the nitrate until only a small 

»roportion of the oxide of silver remains undissolved ; 
he fluid being then filtered and kept for use in a well- 

stoppered bottle. It remains without alteration for 
many months, even though exposed to direct sunlight. 

A sample of suspected air shaken up with this prepar- 

ation gives a distinct brown coloration, if only one 

tenth of 1 per cent. of carbonic oxide is present; the | 
color deepening with an increase in the proportion of 
the gas, until with about 5 per cent. brown clouds 
appear, and 10 per cent. gives a brown precipitate. 

Pure air treated in the same way does not give the 
slightest coloration. It is not claimed, however, that 
the test is specially advantageous for quantitative de- 
terminations ; the power of the silver preparation for 
absorbing carbonie oxide being in reality limited. 


DIFFUSIBILITY OF GASES THROUGH 
CAOUTCHOUC, 
By A. REYCHLER. 

THE facts brought forward prove that it 1s not neces- 
sary to ascribe to sulphurous acid, to carbonic acid, or 
to a mixture of both, an abnormal speed of diffusion, 
We must take account of the special affinity of caout- 
choue for the gases present. When a membrane of 
caoutchouc is interposed between sulphurous acid and 
the free air it becomes saturated with sulphurous acid 
on one of its surfaces, while a surface allows 
the gas to escape into the atmosphere. Air has not a 


great affinity for caoutchouc, whence its component 
gases penetrate only toa a extent during the 
absorption of the sulphurous ae 


SEPARATION OF GASES FROM WATER 


Dr. TruMAN, the Nottingham borough analyst, de- 
seribed, at the recent meeting of the British Associa- 
tion, an “A ratus for the Separation of Gases Dis- 
solved in ater,” which consists of the following 
arrangement : 

“A glass flask, of 500 ¢. c. capacity, is joined by 
means of its tubular termination to a globular flask of 
200 c. c. by means of a water joint. A thermometer, re- 
cording up to 150° C., is suspended in this lower flask by 
a platinum wire attached to a small _ of glass rod 
that is pushed up into the upper flask. From the neck at 
the upper end of the larger flask proceed two millime- 
ter tubes. The right hand one is furnished with a 
stop-cock, and expands above it into a cup having a 
capacity of 30¢.c. The left hand one has joined onto 
it two tubes supplied with stop-cocks. The first, turn- 
ing upward, is attached by a water or glycerine joint 
to a mercury tube doubled on itself above or below, 
and having a length of 880 mm. between the bends. 
This tube is graduated in mm. from 0 to 400 in two 
directions, downward in the open limb and upward in 
the long closed part of the tube, starting in each case 
from the level of the horizontal tube. This mercurial 
tube records the rate of exhaustion of the apparatus, 
and also indicates whether or not any leakage is occur- 
ring. The second tube, a little further on, points down- 
ward, and is for the purpose of attachment to a Geiss- 
ler’s water pump. Still further on, the horizontal tube 


has let in a stop-cock, and is then bent downward for 
communication with a Sprengel pump. 
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“The apparatus is put into connection with both 
mercurial and water pumps, and the stop-cock leading | 
from the 30 ¢. c. cup closed. By means of the Geissler 
| pump and water at high pressure, a vacuum of 700 mm. 
|}can be obtained in fifteen minutes. The stop-cock of 
the water pump is then turned, and exhaustion is com- 

yleted in about forty minutes more by the Sprengel. 

he liquid to be examined for gases is then, after 
measurement, introduced by means of the cup into the 
upper flask, whence it flows into the lower one. 

“The liquid is allowed to stand for an hour, so that 
| gases disengaged at ordinary temperatures may come 
| off. These are collected by the Sprengel and analyzed 
|in the usual way. 

“The vacuum having been restored, heat is cau- 

tiously applied to the lower flask by means of a Bun- 
sen burner. If this be done carefuliy, there is no bump- 
ing. The effect of heat is to gradually lessen the 
length of the mercurial column and to raise the tem- 
verature of the liquid in the flask. Taking 100 c. c. of 
Nottingham water, the temperature rose to 70° C., and 
the mercury fell to 700 mm. When the barometer and 
boiling point remain constant the Bunsen burner is 
removed, The gas given off by boiling is then collect- 
ed and analyzed.” 

Professor McLeod stated that he had devised a sim- 
ilar apparatus twenty-five-years ago, and had described 
the same in the Journal of the Chemical Society. His 
apparatus had the additional advantage of keeping 
the water out of contact with the air during the whole 
of the experiment. In determining the amount of car- 
nate acid gas it was necessary to evaporate almost to 
dryness. 

Professor Thorpe said that he had tried Professor 
McLeod’s apparatus unsuccessfully, and that of the 
methods at present known that devised by Hop 
Seyler was the best. He. thought, however, that Dr. 
Truman’s apparatus, with slight modifications, would 
be very satisfactory. He suggested pieces of capillary 
glass tube to prevent bumping, 
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